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ᴫせ
 ᮏㄽᩥ࡛ࡣ㸪㧗ಙ㢗ࢿࢵࢺ࣮࣡ࢡࡢᐇ⌧࡟ྥࡅࡓ㏻ಙࢧ࣮ࣅࢫရ㉁ࡢィ ࣭ไᚚᢏ⾡ࡢ
◊✲࡟ྲྀࡾ⤌ࡴ㸬ㄽᩥࡢ๓༙㒊(2❶࠿ࡽ 4❶)࡛ࡣ㸪ỗ⏝ⓗ࡞㧗ಙ㢗㏻ಙ࡜ࡋ࡚㏻ᖖ฼⏝ࡉ
ࢀࡿ TCPࡢရ㉁ࢆຠ⋡ⓗ࡟ィ ࡍࡿᢏ⾡ࢆ◊✲ࡋࡓ㸬ࢿࢵࢺ࣮࣡ࢡࡢ㧗㏿໬࡟ࡼࡾရ㉁ィ
 ࡀᅔ㞴࡜࡞ࡗ࡚࠸ࡃࡓࡵ㸪ࣃࢣࢵࢺࢧࣥࣉࣜࣥࢢᢏ⾡ࡀὀ┠ࡉࢀ࡚࠸ࡿ㸬ࣃࢣࢵࢺࢧࣥ
ࣉࣜࣥࢢ࡛ࡣィ ᆅⅬࢆࣃࢣࢵࢺࡀ㏻㐣ࡋ࡚࠸࡞࠸ࡢ࠿㸪ࢧࣥࣉࣜࣥࢢࡋ࡞࠿ࡗࡓࡢ࠿ุ
ูࡘ࠿࡞࠸ࡓࡵ㸪ࣃࢣࢵࢺࣟࢫ⋡ࢆィ ࡍࡿࡇ࡜ࡣᅔ㞴࡛࠶ࡿ㸬ᮏ◊✲࡛ࡣ TCPࡢ෌㏦࣓
࢝ࢽࢬ࣒ࢆศᯒࡍࡿࡇ࡜࡛෌㏦᫬ࡢ≉ᚩ㔞(㔜」 ACK⌧㇟ࡸࢩ࣮ࢣࣥࢫ␒ྕࡢ㏫㌿⌧㇟)ࡢ
୍㒊ࡣࣃࢣࢵࢺࢧࣥࣉࣜࣥࢢ᫬࡛ࡶィ ྍ⬟࡛࠶ࡿࡇ࡜ࢆ♧ࡋࡓ㸬ࡑࡋ࡚≉ᚩ㔞ࢆゎᯒࡍ
ࡿࡇ࡜࡛ࣃࢣࢵࢺࢧࣥࣉࣜࣥࢢ᫬ࡢ≉ᚩ㔞᳨ฟ⋡ࢆᑟฟࡋ㸪1/10 ࡢࣟࢢ࠿ࡽ࡛ࡶࣃࢣࢵࢺ
ࣟࢫ⋡ࡢ᥎ᐃࢆྍ⬟࡜ࡋࡓ㸬ࡉࡽ࡟ࡇࡢ≉ᚩ㔞(㔜」 ACK)ࢆࢫ࣮࣌ࢫࢥ࣮ࢻࣈ࣮࣒ࣝࣇ࢕
ࣝࢱ࡛㍍㔞࡟࢝࢘ࣥࢺࡍࡿᢏ⾡ࡶ☜❧ࡋࡓ㸬ᐇᶵホ౯࡛ᚑ᮶ẚ 40ಸ௨ୖࡢ㧗㏿࡟࢝࢘ࣥࢺ
ࡀྍ⬟࡞ࡇ࡜ࢆ♧ࡋࡓ㸬ࡇࢀ࡟ࡼࡾ㸪ࣃࢣࢵࢺࢧࣥࣉࣜࣥࢢࣟࢢ࠿ࡽ෌㏦᫬ࡢ≉ᚩ㔞ࡢ㍍
㔞࢝࢘ࣥࢺᢏ⾡㸪≉ᚩ㔞࠿ࡽࡢࣃࢣࢵࢺࣟࢫ᥎ᐃᢏ⾡ࢆ☜❧ࡋࡓ㸬ㄽᩥࡢᚋ༙㒊(5 ❶㸪6
❶)࡛ࡣ㸪≉Ṧ⏝㏵࡟≉໬ࡋࡓࢿࢵࢺ࣮࣡ࢡ࡛㧗ಙ㢗㏻ಙࢆ㐩ᡂࡍࡿࡓࡵࡢไᚚᢏ⾡ࢆ◊✲
ࡋࡓ㸬5❶࡛ࡣ㌴㍕ࢿࢵࢺ࣮࣡ࢡ࡛ TCPࢆ฼⏝ࡍࡿ㝿ࡢ࢔ࣉࣜࢣ࣮ࢩࣙࣥࣞ࣋ࣝࡢ㏻ಙ㐜
ᘏ᫬㛫▷⦰ࡢ◊✲࡟ྲྀࡾ⤌ࢇࡔ㸬㌴㍕ࢿࢵࢺ࣮࣡ࢡࡢ௦⾲ⓗ࡞࣮ࣘࢫࢣ࣮ࢫࡢ୍ࡘ࡜ࡋ࡚㸪
TCP ࡛ᑠࣃࢣࢵࢺࢆᐃᮇⓗ࡟㏦ಙࡍࡿ౛ࡀ᝿ᐃࡉࢀࡿ㸬ࡋ࠿ࡋ࡞ࡀࡽࡇࡢࢣ࣮ࢫ࡛ࣃࢣࢵ
ࢺࣟࢫࡀⓎ⏕ࡍࡿ࡜㸪ࢱ࢖࣒࢔࢘ࢺ࡟ࡼࡿ෌㏦࡜࡞ࡾࢹ࣮ࢱࡀ㏻ಙ┦ᡭ࡟ᒆࡃࡲ࡛࡟᫬㛫
ࡀ࠿࠿ࡿ㸬ᮏ◊✲࡛ࡣ」ᩘᏑᅾࡍࡿ෌㏦᮲௳ࡢ࡞࠿࡛㧗㏿࡟෌㏦ࡍࡿ᮲௳ࢆᙉไⓗ࡟Ⓨ⏕
ࡉࡏࡿ(ࢦ࣮ࢫࢺࣃࢣࢵࢺࡢ㏣ຍ)ࡇ࡜࡛㏻ಙ㐜ᘏ᫬㛫ࢆ▷⦰ࡍࡿ㸬ࢩ࣑࣮ࣗࣞࢩࣙࣥ࡟ࡼࡾ㸪
㐜ᘏ᫬㛫ࡀᖹᆒ್࡛ 2/3㸪99%௨ୖࡢࣃ࣮ࢭࣥࢱ࢖࡛ࣝ 1/2 ࡟▷⦰ྍ⬟࡞ࡇ࡜ࢆ♧ࡋࡓ㸬6
❶࡛ࡣ⪏⅏ᐖࢿࢵࢺ࣮࣡ࢡ࡜ࡋ࡚ DTN ࢆά⏝ࡍࡿ㝿ࡢ࣓ࢵࢭ࣮ࢪ㓄㏦㐜ᘏ࡟ࡘ࠸࡚ศᯒ
ࡋࡓ㸬⅏ᐖ᫬࡟ࡣ㏻ಙ࢖ࣥࣇࣛࡀ฼⏝࡛ࡁ࡞࠸ሙྜࡀከ࠸ࡀ㸪୍㒊ࡢタഛࡣ✌ാࡋ࡚࠸ࡿ
ྍ⬟ᛶࡀ࠶ࡿ㸬ᮏ◊✲࡛ࡣ୍㒊✌ാࡋ࡚࠸ࡿタഛ㛫ࡢ㏻ಙࢆ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡ࡜ࡋ࡚⾲
⌧ࡋ㸪DTN࡛࣓ࢵࢭ࣮ࢪࢆ࢚ࣆࢹ࣑ࢵࢡ㓄ಙࡋࡓ㝿ࡢ࣓ࢵࢭ࣮ࢪ㓄㏦᫬㛫࡟ࡘ࠸࡚ゎᯒ࣭
ホ౯ࡋࡓ㸬ᮏ◊✲࡟ࡼࡾ࣓ࢵࢭ࣮ࢪ㓄㏦᫬㛫ࡢ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢຠᯝࢆゎᯒⓗ࡟♧ࡋ
ࡓ㸬ࡲࡓ✌ാタഛ࡜ࡋ࡚㸪ᆒ➼໬࡟㓄⨨ࡉࢀ࡚࠸ࡿタഛࢆඃඛⓗ࡟ά⏝ࡍࡿࡢࡀຠᯝⓗ࡛
࠶ࡿࡇ࡜ࢆ♧ࡋࡓ㸬 
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1. ᗎㄽ 
 ᮏㄽᩥ࡛ࡣ㸪㧗ಙ㢗ࢿࢵࢺ࣮࣡ࢡࡢᐇ⌧࡟ྥࡅࡓ㏻ಙࢧ࣮ࣅࢫရ㉁ࡢィ ࣭ไᚚᢏ⾡ࡢ
◊✲࡟ྲྀࡾ⤌ࡴ㸬 
ㄽᩥࡢ๓༙㒊(2❶࠿ࡽ 4❶)࡛ࡣ㸪ỗ⏝ⓗ࡞㧗ಙ㢗㏻ಙ࡜ࡋ࡚㏻ᖖ฼⏝ࡉࢀࡿ TCPࡢရ
㉁ࢆຠ⋡ⓗ࡟ィ ࡍࡿᢏ⾡࡟ࡘ࠸࡚㏙࡭ࡿ㸬 
ࢿࢵࢺ࣮࣡ࢡࡢᖏᇦࡣᖺࠎቑຍࡢ୍㏵࡜ࡓ࡝ࡗ࡚࠸ࡿ㸬ࢿࢵࢺ࣮࣡ࢡࡢ㧗㏿໬࡟ࡼࡾရ
㉁ィ ࡀᅔ㞴࡜࡞ࡗ࡚࠸ࡃࡓࡵ㸪ࣃࢣࢵࢺࢧࣥࣉࣜࣥࢢᢏ⾡ࡀὀ┠ࡉࢀ࡚࠸ࡿ㸬⌧ᅾࡢࣝ
࣮ࢱࡸࢫ࢖ࢵࢳ࡛ࡣఏ⤫ⓗ࡞MIB࡟ຍ࠼࡚ sFlowࡸ NetFlow࡜࠸ࡗࡓࣃࢣࢵࢺࢧࣥࣉࣜ
ࣥࢢィ ᶵᵓࡀഛࢃࡗ࡚࠸ࡿࡇ࡜ࡀከ࠸㸬ࡇࢀࡽࡢᶵᵓ࡛ࡣ≉ᚩ㔞ࢆ࢝࢘ࣥࢺࡋ࡚ඖࡢ㔞
ࢆ᥎ᐃࡍࡿ◊✲ࡀ┒ࢇ࡟࠾ࡇ࡞ࢃࢀ࡚࠸ࡿ㸬௦⾲ⓗ࡞ࡶࡢࡀィ ࡋࡓ࠸༢఩(ᅇ⥺ẖ㸪ࢿࢵ
ࢺ࣮࣡ࢡࢻ࣓࢖ࣥẖ㸪ࣇ࣮ࣟẖ)࡛ࣃࢣࢵࢺᩘࢆ㞟ィࡋඖࡢ㏻ಙ㔞ࢆ᥎ᐃࡍࡿᢏ⾡ࡸ≉ᚩ㔞
(㏻ಙ㔞ࡸ TCPࡢ SYN࡞࡝)ࡢኚ໬ࢆ࡜ࡽ࠼࡚ᨷᧁ᳨▱ࡍࡿᢏ⾡࡛࠶ࡿ㸬ࡋ࠿ࡋ࡞ࡀࡽရ㉁
ࡢ㔜せ࡞ᣦᶆ࡛࠶ࡿࣃࢣࢵࢺࣟࢫ࡟㛵ࡋ࡚ィ ࡍࡿᢏ⾡ࡣ↓࠿ࡗࡓ㸬ࡇࡢ⌮⏤ࡣࣃࢣࢵࢺ
ࢧࣥࣉࣜࣥࢢ≧ែ࡛ࡣ౛࠼ࡤࣃࢣࢵࢺࡀᏑᅾࡋ࡞ࡃ࡚ࡶࣃࢣࢵࢺࣟࢫ࡟ࡼࡾィ ᆅⅬࢆࣃ
ࢣࢵࢺࡀ㏻㐣ࡋ࡚࠸࡞࠸ࡢ࠿㸪ࢧࣥࣉࣜࣥࢢࡋ࡞࠿ࡗࡓࡢ࠿ุูࡘ࠿࡞࠸ࡓࡵ࡛࠶ࡿ㸬 
ᮏ◊✲࡛ࡣ TCPࡢ෌㏦࣓࢝ࢽࢬ࣒ࢆศᯒࡍࡿࡇ࡜࡛ TCP෌㏦᫬ࡢ≉ᚩ㔞(㔜」 ACK⌧
㇟ࡸࢩ࣮ࢣࣥࢫ␒ྕࡢ㏫㌿⌧㇟)ࢆ᫂☜࡟ࡋ㸪ࡇࡢ୍㒊ࡣࣃࢣࢵࢺࢧࣥࣉࣜࣥࢢ᫬࡛ࡶィ 
ྍ⬟࡛࠶ࡿࡇ࡜ࢆ♧ࡍ㸬ලయⓗ࡟ࡣ 2❶࡟࠾࠸࡚㸪ACKࣃࢣࢵࢺࢆほ ࡋ࡚ DATA㏻ಙ᪉
ྥࡢ End-to-Endࣃࢣࢵࢺࣟࢫ⋡ࢆ᥎ᐃࡍࡿᡭἲ࡟ࡘ࠸࡚㏙࡭ࡿ㸬3❶࡛ࡣ㏫࡟ DATAࣃࢣ
ࢵࢺࢆほ ࡋ࡚ DATA㏻ಙ᪉ྥࡢ End-to-Endࣃࢣࢵࢺࣟࢫ⋡ࢆ᥎ᐃࡍࡿᡭἲ࡟ࡘ࠸࡚㏙
࡭㸪4❶࡛ࡣ 2❶࡛฼⏝ࡋࡓ≉ᚩ㔞(㔜」 ACK⌧㇟)ࢆࢫ࣮࣌ࢫࢥ࣮ࢻࣈ࣮࣒ࣝࣇ࢕ࣝࢱ࡟
ࡼࡾ㧗㏿࡟࢝࢘ࣥࢺࡍࡿᡭἲ࡟ࡘ࠸࡚㏙࡭ࡿ㸬 
ㄽᩥࡢᚋ༙㒊(5❶㸪6❶)࡛ࡣ㸪≉Ṧ⏝㏵࡟≉໬ࡋࡓࢿࢵࢺ࣮࣡ࢡ࡛㧗ಙ㢗㏻ಙࢆ㐩ᡂࡍ
ࡿࡓࡵࡢไᚚᢏ⾡ࢆ◊✲ࡍࡿ㸬ࡇࢀࡲ࡛ࡢࢿࢵࢺ࣮࣡ࢡᢏ⾡ࡣ࢟ࣕࣜ࢔ࢿࢵࢺ࣮࣡ࢡࡀ㐺
⏝ᑐ㇟ࡢỗ⏝┠ⓗࡢࡶࡢࡀከࡃᥦ᱌ࡉࢀ࡚ࡁࡓࡀ㸪㏆ᖺ࡛ࡣࢿࢵࢺ࣮࣡ࢡᢏ⾡ࡀᵝࠎ࡞ᛂ
⏝ศ㔝࡛ά⏝ࡉࢀࡿᶵ఍ࡀከࡃ࡞ࡾ㸪ࡑࡢᛂ⏝ศ㔝࡟≉໬ࡋࡓせồࢆ‶ࡓࡍᢏ⾡㛤Ⓨࡀ࡞
ࡉࢀࡿᶵ఍ࡀቑ࠼࡚᮶ࡓ㸬ᮏ◊✲࡛ࡣᛂ⏝ศ㔝࡜ࡋ࡚㌴㍕ࢿࢵࢺ࣮࣡ࢡ❶࡜⪏⅏ᐖࢿࢵ
ࢺ࣮࣡ࢡ ❶࡟ࡘ࠸࡚ྲྀࡾ⤌ࡴ㸬
㌴㍕ࢿࢵࢺ࣮࣡ࢡࡣ &$1 ࡞࡝ࡢప㏿࡛࠶ࡿࡀ㧗ಙ㢗ࡢ㏻ಙᢏ⾡ࡀ㐺⏝ࡉࢀ࡚ࡁࡓ㸬ࡋ࠿
ࡋ㏆ᖺࡣ㌴࡟㟁ື໬࣭▱⬟໬࣭᝟ሗ໬ࡢᢏ⾡ᑟධࡀồࡵࡽࢀ࡚࠾ࡾ㸪ࡼࡾ㧗㏿࡞㏻ಙࡀᚲ
せ࡜࡞ࡗ࡚࠸ࡿ㸬ࡇࡢせồࢆ‶ࡓࡍᢏ⾡࡜ࡋ࡚㌴㍕ࢿࢵࢺ࣮࣡ࢡ࡟ࡶ (WKHUQHW,3 ࢿࢵࢺ
࣮࣡ࢡࡢᑟධࡀ㐍ࢇ࡛࠸ࡿ㸬ࡋ࠿ࡋ࡞ࡀࡽಙ㢗ᛶ㔜どࡢ㌴㍕ࢿࢵࢺ࣮࣡ࢡ࡟㸪࣋ࢫࢺ࢚ࣇ
࢛࣮ࢺࡢᛮ᝿࡛Ⓨ㐩ࡋ࡚ࡁࡓ (WKHUQHW,3 ࢿࢵࢺ࣮࣡ࢡᢏ⾡ࢆࡑࡢࡲࡲ㐺⏝࡛ࡁ࡞࠸ሙྜ
ࡀ࠶ࡿ㸬⌧ᅾࡢ㌴㍕ࢩࢫࢸ࣒㛤Ⓨ࡛ࡣࡇࡢࢠࣕࢵࣉࢆᇙࡵࡿᢏ⾡㛤Ⓨ࡟ὀຊࡋ࡚࠸ࡿ㸬ᮏ
◊✲ࡣࡇࡢࢠࣕࢵࣉࢆᇙࡵࡿ◊✲ࡢ୍ࡘ࡜ࡋ࡚㸪㌴㍕ࢿࢵࢺ࣮࣡ࢡ࡛ TCPࢆ฼⏝ࡍࡿ㝿ࡢ
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࢔ࣉࣜࢣ࣮ࢩࣙࣥࣞ࣋ࣝࡢ㏻ಙ㐜ᘏ᫬㛫▷⦰ࡢ◊✲࡟ྲྀࡾ⤌ࡴ㸬 
୍᪉㸪⪏⅏ᐖࢿࢵࢺ࣮࣡ࢡࡣᮾ᪥ᮏ኱㟈⅏ࢆዎᶵ࡟┒ࢇ࡟◊✲ࡀ࡞ࡉࢀ࡚ࡁࡓ㸬ࡇࡢࢿ
ࢵࢺ࣮࣡ࢡࡶ࢟ࣕࣜ࢔ࢿࢵࢺ࣮࣡ࢡࡀ฼⏝࡛ࡁ࡞࠸஦ែ࡟࡞ࡗࡓሙྜࡢ≉Ṧࢿࢵࢺ࣮࣡ࢡ
ᢏ⾡࡛࠶ࡿ㸬ᙜึࡣ༢⣧࡟⿕⅏ᆅ࡟᝟ሗࢆᒆࡅࡿࡇ࡜ࢆ୺║࡟⛣ື➃ᮎ㛫ྠኈࡢ࣓ࢵࢭ࣮
ࢪ㓄ಙࡀᥦ᱌ࡉࢀ࡚࠸ࡓࡀ㸪⅏ᐖ㑊㞴ሙᡤࢆ᝿ᐃࡋࡓࡼ࠺࡞ᣐⅬ㛫ࡢ㏻ಙࡸᆅ⌮᝟ሗࢆ⏝
࠸ࡓ㓄ಙࡢຠ⋡໬࡞࡝ᶵ⬟ࡢ㧗ᗘ໬ࡀ⾜ࢃࢀ࡚࠸ࡿ㸬ᮏ◊✲࡛ࡣ㸪⅏ᐖ᫬࡛ࡶ୍㒊タഛࡣ
✌ാࡋ࡚࠸ࡿ⌧ᐇⓗ࡞≧ἣࢆ᝿ᐃࡋ㸪タഛ㛫ࡢ㏻ಙࢆ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡ࡜ࡋ࡚⾲⌧㸪⅏
ᐖ⎔ቃ࡛ࡢ࣓ࢵࢭ࣮ࢪ㓄㏦᫬㛫ࡢ◊✲࡟ྲྀࡾ⤌ࡴ㸬 

 
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2. 㔜」 ACK☜⋡ศᕸ࡟╔┠ࡋࡓ TCPࣃࢣࢵࢺࣟࢫ⋡᥎ᐃ 
 
2.1 ࡣࡌࡵ࡟ 
㏆ᖺ㸪IPࢿࢵࢺ࣮࣡ࢡࢆ࣮࣋ࢫ࡜ࡋࡓᴗົ࢔ࣉࣜࢣ࣮ࢩࣙࣥࡢᬑཬࡸ㸪P2Pᆺࢺࣛࣄࢵ
ࢡ㸪VoIP➼ࡢ᪂つ࢔ࣉࣜࢣ࣮ࢩࣙࣥࡢⓏሙ࡟ࡼࡾ㸪ࢿࢵࢺ࣮࣡ࢡࡢࢺࣛࣄࢵࢡ㔞ࡸ≉ᛶࡑ
ࡢࡶࡢࡀ኱ࡁࡃኚ໬ࡋ࡚ࡁ࡚࠸ࡿ㸬ࡲࡓ㸪࢘࢕ࣝࢫࡸ DoS (Denial of Service ) ᨷᧁ࡞࡝ࡢ
୙ṇ࡞ࢺࣛࣄࢵࢡࡶቑຍࡋ࡚࠾ࡾ㸪ண ୙⬟࡛ከ✀ከᵝ࡞ࢹ࣮ࢱࡀࢿࢵࢺ࣮࣡ࢡෆ࡛኱㔞
࡟ὶࢀ࡚࠸ࡿ㸬ࡇࡢࡓࡵࢿࢵࢺ࣮࣡ࢡ㞀ᐖࡢࣃࢱ࣭ࣥ⑕≧ࡀኚ໬ࡋ࡚࠾ࡾ㸪ࡑࡢᑐ⟇ࡢࡓ
ࡵ࡟ࢿࢵࢺ࣮࣡ࢡࡢရ㉁ࢆ┘どࡍࡿࡇ࡜ࡢ㔜せᛶࡀቑࡋ࡚ࡁ࡚࠸ࡿ㸬 
⌧ᅾࢿࢵࢺ࣮࣡ࢡࡢ┘どᢏ⾡࡛ࡣ㸪ᅇ⥺㏿ᗘࡢྥୖ࡟క࠸㸪ࢿࢵࢺ࣮࣡ࢡ┘ど⿦⨨ࡢ㧗
㏿໬࡬ࡢᑐᛂࡀၥ㢟࡟࡞ࡗ࡚ࡁ࡚࠸ࡿ[175]㸬ᚑ᮶ࡢࢿࢵࢺ࣮࣡ࢡ┘どᢏ⾡ࡣ㸪┘ど⿦⨨ࢆ
㏻㐣ࡍࡿࣃࢣࢵࢺࡢࡍ࡭࡚ࢆ㸪࡜ࡾࡇࡰࡋ࡞ࡃྲྀᚓࡍࡿࡇ࡜࡟ࡼࡗ࡚㸪ࢿࢵࢺ࣮࣡ࢡࡢရ
㉁ࢆ┘どࡋ࡚ࡁࡓ㸬ࡇࡢ᪉ᘧ࡛ࡣ㧗㏿ࢿࢵࢺ࣮࣡ࢡࡢ┘どࡀ㠀ᖖ࡟㞴ࡋ࠸/㧗ࢥࢫࢺ࡟࡞ࡿ
࡜࠸࠺ၥ㢟ࡀ࠶ࡿ㸬 
ࡇࡢၥ㢟ࢆゎỴࡍࡿᢏ⾡࡜ࡋ࡚㸪ࢧࣥࣉࣜࣥࢢィ ᢏ⾡ࡀὀ┠ࢆᾎࡧ࡚࠸ࡿ㸬ࢧࣥࣉࣜ
ࣥࢢィ ᢏ⾡࡜ࡣ㸪ࢿࢵࢺ࣮࣡ࢡࢆὶࢀࡿ඲࡚ࡢࣃࢣࢵࢺࢆィ ࡍࡿࡢ࡛ࡣ࡞ࡃ㸪୍㒊ࡢ
ࣃࢣࢵࢺࢆࢧࣥࣉࣜࣥࢢィ ࡋ㸪⢭ᗘⰋ࠸᥎ᐃࢆ⾜࠺ࡇ࡜࡟ࡼࡾ㸪ィ ࢥࢫࢺࡢ㍍ῶ୪ࡧ
࡟㧗㏿໬ࢆᐇ⌧ࡍࡿᢏ⾡࡛࠶ࡿ㸬ࡇࡢᢏ⾡࡛ࡣ㸪ࢧࣥࣉࣜࣥࢢィ ᫬࡟㏻㐣ࣃࢣࢵࢺ㔞ࢆ
᥎ᐃࡍࡿᡭἲ[176]㸪ࢧࣥࣉࣝᩘ࡜⤫ィ⤖ᯝࡢಙ㢗ᗘࡢホ౯[177][178]㸪ࣜࣥࢡᖏᇦࡢ༨᭷
⋡ࡢ኱ࡁ࠸ࣇ࣮ࣟࢆ≉ᐃࡍࡿᡭἲ[179][180]㸪ࡸࣇ࣮ࣟⓎ⏕ᩘࡸࣇ࣮ࣟࢧ࢖ࢬ࡟㛵ࡍࡿ⤫ィ
᝟ሗࢆ᥎ᐃࡍࡿ᪉ἲ[181][182]㸪TCPࣇ࣮ࣟࣞ࣋ࣝࡢᛶ⬟ຎ໬ࢆ᳨ฟࡍࡿ᪉ἲ[183][184]➼
ࡀᥦ᱌ࡉࢀ࡚࠸ࡿ㸬ࡋ࠿ࡋ࡞ࡀࡽ㸪ࢿࢵࢺ࣮࣡ࢡ⟶⌮ࡢ᭱ࡶ㔜せ࡞ᣦᶆࡢ୍ࡘ࡛࠶ࡿ㸪ࣃ
ࢣࢵࢺࣟࢫ⋡࡟ࡘ࠸࡚ࡣ࡯࡜ࢇ࡝㆟ㄽࡉࢀ࡚࠸࡞࠿ࡗࡓ㸬 
ࡑࡇ࡛ᮏ❶࡛ࡣ㸪ࢧࣥࣉࣜࣥࢢィ ࡋࡓࣃࢣࢵࢺิ࠿ࡽࣃࢣࢵࢺࣟࢫ⋡ࢆ᥎ᐃࡍࡿᡭἲ
ࢆᥦ᱌ࡍࡿ㸬୍⯡࡟ࢧࣥࣉࣜࣥࢢィ ࡟ࡼࡾほ ࡛ࡁࡿ್ࡣ㸪ィ ჾࢆ㏻㐣ࡋࡓࣃࢣࢵࢺ
㔞࡛࠶ࡿ㸬ᗫᲠࡉࢀࡓࣃࢣࢵࢺ⮬యࡣほ ࡍࡿࡇ࡜ࡀ࡛ࡁ࡞࠸ࡓࡵ㸪ࣃࢣࢵࢺࣟࢫࢆ᥎ᐃ
ࡍࡿࡇ࡜ࡣᅔ㞴࡛࠶ࡿ㸬ᮏ◊✲࡛ࡣ㸪TCP ࣇ࣮ࣟࣞ࣋ࣝ࡟╔┠ࡍࡿࡇ࡜࡟ࡼࡾ㸪ࡇࡢၥ㢟
ࢆゎỴࡍࡿ㸬TCP ㏻ಙ࡛ࡣ㸪ࣃࢣࢵࢺࣟࢫࡀⓎ⏕ࡍࡿ࡜ྠ୍ ACK ␒ྕࡢࣃࢣࢵࢺࡀ」ᩘ
Ⓨ⏕ࡍࡿᛶ㉁ࡀ࠶ࡿ㸬ᥦ᱌ᡭἲ࡛ࡣࡇࡢᛶ㉁ࢆ฼⏝ࡋ㸪ࢧࣥࣉࣜࣥࢢ⋡࡜ ACK␒ྕࡢ㐃⥆
ᛶࢆ☜ㄆ࡛ࡁࡿ☜⋡ࢆ᫂ࡽ࠿࡟ࡍࡿࡇ࡜࡟ࡼࡾ㸪ࢧࣥࣉࣜࣥࢢィ ࡛ࡢࣃࢣࢵࢺࣟࢫ⋡᥎
ᐃࢆྍ⬟࡜ࡋࡓ㸬 
 ᮏ❶࡛ࡣ㸪ࡉࡽ࡟ᥦ᱌࢔ࣝࢦࣜࢬ࣒ࡢᩘᏛⓗព࿡ࢆ᫂☜࡟ࡍࡿࡇ࡜࡟ࡼࡾ㸪ࡇࡢ཯᚟ィ
⟬ࡀ㸪ᖖ࡟┿ࡢࣃࢣࢵࢺࣟࢫ⋡࡟཰᮰ࡍࡿࡓࡵࡢ᮲௳ࢆゎᯒⓗ࡟᫂ࡽ࠿࡟ࡍࡿ㸬ࡑࡋ࡚ࢩ
࣑࣮ࣗࣞࢩࣙࣥ࡟ࡼࡾ㸪཰᮰ࡍࡿࡲ࡛ࡢ཯᚟㐣⛬ࢆࡼࡾヲ⣽࡟☜ㄆ࣭ホ౯ࡍࡿ㸬ࡲࡓ㸪཰
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᮰᮲௳࠿ࡽࡶ࡜ࡲࡿࢧࣥࣉࣜࣥࢢ࣮ࣞࢺࡢ᮲௳ࢆ᫂ࡽ࠿࡟ࡍࡿ 
 ௨ୗ㸪2.2 ⠇࡛ࡣᥦ᱌᪉ᘧࡢᩘᏛⓗព࿡ࢆ᫂☜࡟ࡋ࡚᥎ᐃᘧࡢ෌ᑟฟࢆ⾜࠸㸪2.3 ⠇࡛
ࡣ᥎ᐃᘧࡀ┿ࡢࣃࢣࢵࢺࣟࢫ⋡࡟཰᮰ࡍࡿࡓࡵࡢ᮲௳ࢆ♧ࡍ㸬ࡇࡢ᮲௳࠿ࡽ 2.4⠇࡛㸪ࢧࣥ
ࣉࣜࣥࢢ࣮ࣞࢺࡢ᮲௳ࢆ⟬ฟ㸬2.5⠇࡛཯᚟ᅇᩘࡢホ౯ࢆ⾜࠸㸪2.6⠇࡛ᮏ❶ࢆࡲ࡜ࡵࡿ㸬 
 
2.2 ᚑ᮶ᡭἲ 
2.2.1 ほ ⎔ቃ 
 
ᅗ 2-1 ࢿࢵࢺ࣮࣡ࢡ┘ど⿦⨨ࡢィ ఩⨨ 
 
ᚑ᮶ィ ᡭἲࡢほ ⎔ቃ࡟ࡘ࠸࡚ゐࢀࡿ㸬ᚑ᮶ᡭἲ[185]࡛ࡣ㸪ᅗ 2-1ࡢࡼ࠺࡞ィ ఩⨨
࡛㸪ࢿࢵࢺ࣮࣡ࢡ୰࡟ὶࢀࡿࣃࢣࢵࢺࢆࣃࢵࢩࣈィ ࡟ࡼࡾ඲ྲྀᚓ㸦ࣇࣝ࢟ࣕࣉࢳࣕ㸧ࡍ
ࡿ㸬ࡇࡢ࡜ࡁ㸪TCPࡢ᣺ࡿ⯙࠸ࢆ⪃៖ࡍࡿࡇ࡜࡟ࡼࡾ㸪ࢿࢵࢺ࣮࣡ࢡ୰ࡢ∦᪉ྥࡢ IPࢺࣛ
ࣄࢵࢡ㸦ACKࣃࢣࢵࢺ㸧ࡢࡳࢆほ ࡍࡿࡔࡅ࡛㸪TCPࣇ࣮࡛ࣟࣞ࣋ࣝࡢࣃࢣࢵࢺࣟࢫ⋡ࢆ
ィ ࡍࡿࡇ࡜ࡀ࡛ࡁࡿ㸬 
 
2.2.2 ᇶᮏᴫᛕ 
ᮏ㡯࡛ࡣ㸪ᚑ᮶ᡭἲ࡛ࡢࣃࢣࢵࢺࣟࢫィ ᡭἲ࡟ࡘ࠸࡚ලయⓗ࡟ㄝ᫂ࡍࡿ㸬ࣃࢣࢵࢺࣟ
ࢫィ ࡢᇶᮏ᪉㔪ࡣ㸪㔜」 ACK(ྠ୍ ACK␒ྕࡀ㸱ᅇ௨ୖ㐃⥆ࡍࡿ⌧㇟)Ⓨ⏕ᅇᩘࡢほᐹ࡛
࠶ࡿ㸬TCP ࡛ࡣࢹ࣮ࢱ㏻ಙ᫬࡟㸪ࢹ࣮ࢱཷಙ➃ᮎ࠿ࡽࢹ࣮ࢱ㏦ಙ➃ᮎ࡟ྥࡅ࡚ ACK ಙྕ
ࢆ㏦ࡿࡀ㸪ࡇࡢ␒ྕࡣࢹ࣮ࢱཷಙࡀᡂຌࡋࡓ᭱ᚋࡢࠕSN㸦ࢩ࣮ࢣࣥࢫ␒ྕ㸧㸩㸯࡛ࠖ ࠶ࡿ㸬
ࡇࡢ␒ྕࡀ㐃⥆ࡋ࡚㸱ᅇ௨ୖ᭦᪂ࡉࢀ࡞࠸ሙྜ࡟ࡣࡑࢀ௨㝆ࡢࢹ࣮ࢱཷಙ࡟ኻᩋ㸪ࡘࡲࡾ
ࣃࢣࢵࢺࣟࢫࡀⓎ⏕ࡋࡓ࡜ࡋ࡚㸪ࢹ࣮ࢱ෌㏦ࢆ⾜࠺௙⤌ࡳࢆᣢࡘ㸬ࡇࡢࡓࡵ㸪㔜」 ACKࡢ
ᩘࢆᩘ࠼ࡿࡇ࡜࡟ࡼࡾ㸪ࢹ࣮ࢱ෌㏦ᅇᩘ=ࣃࢣࢵࢺࣟࢫࡀィ ࡛ࡁࡿ㸦ᅗ 2-2ཧ↷㸧㸬 
䝛䝑䝖䝽䞊䜽
data
ack
㏦ಙ➃ᮎ ཷಙ➃ᮎ
ィ ⿦⨨
TCP㏻ಙ
ィ 
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ᅗ 2-2 ඲ࣃࢣࢵࢺࢆほ ࡋࡓሙྜ࡟ほ ࡛ࡁࡿ㔜」 ACK⌧㇟ 
 
2.3 ᥦ᱌ᡭἲ 
ᮏ⠇࡛ࡣ㸪2㸬2 ⠇ࡢᚑ᮶ᡭἲࢆࡶ࡜࡟㸪ࢧࣥࣉࣜࣥࢢィ ࡛ࡢࣃࢣࢵࢺࣟࢫ⋡᥎ᐃᡭἲ
ࡢᥦ᱌ࢆ⾜࠺㸬 
 
2.3.1 ほ ⎔ቃ 
ࡣࡌࡵ࡟ᥦ᱌ᡭἲࡢほ ⎔ቃ࡟ࡘ࠸࡚ゐࢀࡿ㸬ᥦ᱌ᡭἲࡢィ ࡣ㸪ᚑ᮶ᡭἲ࡜ྠᵝ㸪ᅗ 2-1
ࡢሙᡤ࡛ࡢࣃࢵࢩࣈィ ࢆ᝿ᐃࡍࡿ㸬ࡓࡔࡋ㸪ィ ᑐ㇟࡜ࡍࡿࣃࢣࢵࢺࡣ㸪ࢿࢵࢺ࣮࣡ࢡ
୰࡟ὶࢀࡿ୍㒊ࡢࣃࢣࢵࢺ(ࢧࣥࣉࣜࣥࢢ࢟ࣕࣉࢳࣕ)࡛࠶ࡿ㸬ࡑࡋ࡚ᚑ᮶ᡭἲྠᵝ㸪∦᪉ྥ
ࡢ IPࢺࣛࣄࢵࢡ㸦ACKഃࣃࢣࢵࢺࡢࡳ㸧ࡢࡳࢆほ ᑐ㇟࡜ࡍࡿ㸬 
 
2.3.2 ᇶᮏᴫᛕ 
ᮏ㡯࡛ࡣ㸪ᥦ᱌ᡭἲ࡛ࡢࣃࢣࢵࢺࣟࢫィ ᡭἲ࡟ࡘ࠸࡚ㄝ᫂ࡍࡿ㸬ࣃࢣࢵࢺࣟࢫィ ࡢ
ᇶᮏ᪉㔪ࡣ㸪ᚑ᮶ᡭἲྠᵝ࡟㔜」 ACK(ྠ୍ ACK␒ྕࡀ㐃⥆ࡍࡿ⌧㇟)Ⓨ⏕ᅇᩘ࡟ࡼࡾồࡵ
ࡿ㸬ࡋ࠿ࡋ࡞ࡀࡽ㸪ࢧࣥࣉࣜࣥࢢ࢟ࣕࣉࢳࣕࢆ⾜ࡗࡓሙྜ㸪ࡍ࡭࡚ࡢ㔜」 ACKࢆほ ࡍࡿ
ࡇ࡜ࡀ࡛ࡁࡎ㸪ィ ࡛ࡁࡿࣃࢣࢵࢺࣟࢫᅇᩘࡀⴭࡋࡃᑡ࡞ࡃ࡞ࡿ㸬ࡇࡢࡓࡵᥦ᱌ᡭἲ࡛ࡣ㸪
ࢧࣥࣉࣜࣥࢢ⋡ࢆඖ࡟㸪͆⌧ᅾࡢࢧࣥࣉࣜࣥࢢ⋡ࡢඖ࡛㔜」 ACKࢆ᳨▱࡛ࡁࡿ☜⋡=᳨▱☜
⋡͆ 㸪ࢆồࡵ㸪ィ ࡋࡓ ACKࡢ㔜」ᩘ࠿ࡽᮏ᮶Ⓨ⏕ࡋࡓ࡛࠶ࢁ࠺㔜」 ACKᩘࢆ᥎ᐃࡍࡿ㸬 
ᅗ 2-3 ࡣᶓ㍈࡟ほ ᫬㛫[s]㸪⦪㍈࡟ ACK ␒ྕࡢ᥎⛣ࢆ♧ࡋࡓࢢࣛࣇ࡛࠶ࡿ㸬ࣇࣝ࢟ࣕ
ࣉࢳࣕࡋࡓሙྜ࡟ࡣ㸪5ᅇࡢࣃࢣࢵࢺࣟࢫ(㔜」 ACK)ࢆほ ࡍࡿࡇ࡜ࡀ࡛ࡁࡿࡀ㸪ࢧࣥࣉࣜ
ACK
␒
ྕ
叏
᥎
⛣
ほ ᫬㛫[s]
㔜」ACK䛾Ⓨ⏕
䠄䝟䜿䝑䝖䝻䝇䠅ACK
ACK
ACK
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ࣥࢢ࢟ࣕࣉࢳࣕࡋࡓሙྜ࡟ࡣ 3 ᅇࡢࣃࢣࢵࢺࣟࢫࡋ࠿ほ ࡍࡿࡇ࡜ࡀ࡛ࡁ࡞࠸㸬ࡋ࠿ࡋ࡞
ࡀࡽ㸪⌧ᅾࡢࢧࣥࣉࣜࣥࢢ⋡࡛㔜」 ACKࢆ☜⋡ⓗ࡟࡝ࡢ⛬ᗘ᳨▱࡛ࡁࡿ࠿㸦᳨▱☜⋡㸧ࡀ
ศ࠿ࡗ࡚࠸ࢀࡤ㸪ᮏ᮶ࡢࣃࢣࢵࢺࣟࢫᅇᩘࢆ᥎ᐃࡍࡿࡇ࡜ࡀ࡛ࡁࡿ㸬 
ᅗ 2-3 ࡢሙྜ࡛ࡣ஦๓࡟᳨▱☜⋡ࡀ 0.6 ࡛࠶ࡿࡇ࡜ࡀุ᫂ࡋ࡚࠸ࡿ࡜㸪ほ ࡋࡓ 3 ᅇࡢ
ACK㔜」⌧㇟࠿ࡽ㸪ᮏ᮶ࡢࣃࢣࢵࢺࣟࢫᅇᩘ 5( = 3 / 0.6)ࢆ᥎ᐃࡍࡿࡇ࡜ࡀ࡛ࡁࡿ㸬 
ࡇࡇ࡛㸪࠶ࡿࢧࣥࣉࣜࣥࢢ⋡ࡢ࡜ࡁ࡟ ACK␒ྕࡀ㔜」ࡋࡓࡢࢆほ ࡛ࡁࡿ☜⋡ࢆ㸪᳨▱
☜⋡ Q࡜ᐃ⩏ࡍࡿ(ᩘᘧ 2-1)㸬  
 
(ᩘᘧ 2-1) 
 
  ᳨▱☜⋡ Qࡀồࡲࢀࡤ㸪ࢧࣥࣉࣜࣥࢢࢆ⾜ࡗࡓሙྜ࡛ࡶ㸪ࣃࢣࢵࢺࣟࢫࢆィ ࡍࡿࡇ࡜
ࡀ࡛ࡁࡿ㸬ᮏ⠇࡛ࡣḟࡢᡭ㡰࡟ࡼࡾ㸪᳨▱☜⋡ Qࢆᑟฟࡍࡿ㸬 
I. ACK㔜」ᩘࡢࣔࢹࣝ໬ 
II. ࢧࣥࣉࣜࣥࢢ᫬ࡢ ACK㔜」ᩘࣔࢹࣝ 
III. ᳨▱☜⋡ Qࡢᑟฟ 
ᅗ 2-3 ࢧࣥࣉࣜࣥࢢࣃࢣࢵࢺࢆほ ࡋࡓሙྜ࡟ほ ࡛ࡁࡿ㔜」 ACK⌧㇟ 
 
 
 
 
ACK
␒
ྕ
叏
᥎
⛣
ほ ᫬㛫[s]
䝃䞁䝥䝸䞁䜾ྲྀᚓ䛧䛯䝟䜿䝑䝖
㔜」ACK䛾Ⓨ⏕
䠄䝟䜿䝑䝖䝻䝇䠅
䝃䞁䝥䝸䞁䜾ィ 䛷
ィ ྍ⬟䛺ACK㔜」⌧㇟
ACK
ᩘⓎ⏕ࡋࡓ㔜」
ᩘほ ࡋࡓ㔜」
Ⓨ⏕ࣃࢣࢵࢺࣟࢫ
ほ ࣃࢣࢵࢺࣟࢫ᳨▱☜⋡
ACK
ACK  Q
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2.3.3 ᥎ᐃᘧࡢᑟฟ 
 
I. ACK㔜」ᩘࡢࣔࢹࣝ໬ 
ᅗ 2-4 ࣃࢣࢵࢺࣟࢫ᫬ࡢࢩ࣮ࢣࣥࢫ␒ྕ࡜ ACK␒ྕࡢ᥎⛣ 
 
ᮏ◊✲࡛ࡣ㸪͆ ୍ᗘࡢࣃࢣࢵࢺࣟࢫ࡛ ACK␒ྕࡀ㐃⥆ࡍࡿᅇᩘ͇ࢆ ACK㔜」ᩘ࡜࿧ࡧ㸪
ヲ⣽࡟᳨ウࡍࡿ㸬ࡇࡢ⌮⏤ࡣ㸪ACK㔜」ᩘࡀ᳨▱☜⋡ Q࡟኱ࡁࡃᙳ㡪ࡍࡿࡓࡵ࡛࠶ࡿ㸬 
TCP ㏻ಙ୰࡟ྠ୍ ACK ␒ྕࡀ㐃⥆ࡍࡿ⌧㇟ࡣ㸪ࣃࢣࢵࢺࣟࢫ࡟ࡼࡾ㸪ࢩ࣮ࢣࣥࢫ␒ྕ
ࡢᢤࡅࡀⓎ⏕ࡋ㸪ACK␒ྕࡀ᭦᪂ࡉࢀ࡞࠸≧ἣ࡛㸪㏦ಙഃ࠿ࡽࡢࣃࢣࢵࢺࡀ฿╔ࡍࡿࡇ࡜
࡟ࡼࡾⓎ⏕ࡍࡿ㸬ࡇࡢᩘࡣ㸪ࣃࢣࢵࢺࣟࢫࡀⓎ⏕ࡋࡓ௨㝆࡟㸪ཷಙ➃ᮎഃࡀཷࡅྲྀࡗࡓࣃ
ࢣࢵࢺࡢᩘ࡛࠶ࡿ㸬ࡑࡋ࡚ࡇࡢᩘࡣ㸪㏦ಙഃࡢ㍽㍵࢘࢕ࣥࢻ࢘ࡢ኱ࡁࡉ࡟୍⮴ࡍࡿ㸬 
 
࠙⿵㢟㸯ࠚ 
ࠕACK㔜」ᩘࡣ㸪ࣃࢣࢵࢺࣟࢫⓎ⏕᫬ࡢ㍽㍵࢘࢕ࣥࢻ࢘ࡢ኱ࡁࡉ࡜୍⮴ࡍࡿࠖ 
 
TCPࣃ࣓ࣛࢱࡢ delay ACKࡀタᐃࡉࢀ࡚࠸ࡿሙྜ㸪㏻ᖖ㸪ཷಙ➃ᮎࡣ」ᩘࡢࢹ࣮ࢱཷಙ
࡟ᑐࡋ୍࡚ࡘࡢ ACK(஧ಶࣃࢣࢵࢺཷಙẖ࡟୍ࡘࡢ ACK)ࢆ㏦௜ࡍࡿ㸬ࡋ࠿ࡋ㸪ࣃࢣࢵࢺࣟ
ࢫࡀⓎ⏕ࡋࡓሙྜࡣ㸪delay ACKࡀタᐃࡉࢀ࡚࠸࡚ࡶ㸪୍ࢹ࣮ࢱࡢཷಙ࡟ᑐࡋ࡚㸪୍ࡘࡢ
ACKࢆ㏦ಙ➃ᮎ࡟ྥࡅ࡚㏦௜ࡍࡿ㸬ࡇࡢࡓࡵ๓グ㛵ಀࡀᡂ❧ࡍࡿ㸬 
⿵㢟㸯࡟ࡼࡾ㸪ACK㔜」ᩘࡣࣃࢣࢵࢺࣟࢫⓎ⏕᫬ࡢ㍽㍵࢘࢕ࣥࢻ࢘ࡢ኱ࡁࡉ࡜୍⮴ࡍࡿ㸪
S
N
 / A
C
K
␒
ྕ
叏
᥎
⛣
ほ ᫬㛫[s]
㏦ಙ䝕䞊䝍
ACK䝕䞊䝍
䝟䜿䝑䝖䝻䝇
䝟䜿䝑䝖䝻䝇᫬䛾
㍽㍵䜴䜱䞁䝗䜴䛾኱䛝䛥
S
N
 / A
C
K
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࡜ࡋࡓ㸬ࡇࡢࡓࡵ㸪͆ ACK㔜」ᩘࢆࣔࢹࣝ໬ࡍࡿࡇ࡜͇ࡣ㸪͆ ࣃࢣࢵࢺࣟࢫⓎ⏕᫬ࡢ㍽㍵࢘
࢕ࣥࢻ࢘ࡢ኱ࡁࡉࢆࣔࢹࣝ໬ࡍࡿࡇ࡜͇࡜ゝ࠸᥮࠼ࡿࡇ࡜ࡀ࡛ࡁࡿ㸬ࣃࢣࢵࢺࣟࢫࣃࢱࣥ
࡜ࡋ࡚ࣛࣥࢲ࣒ࣟࢫࢆ௬ᐃࡍࡿ࡜㸪TCP NewReno[186]ࡢሙྜ͆ࣃࢣࢵࢺࣟࢫⓎ⏕᫬ࡢ㍽
㍵࢘࢕ࣥࢻ࢘ࡢ኱ࡁࡉࡣ࣏࢔ࢯࣥศᕸ࡟ᚑ࠺͇ࡇ࡜ࡀ⤒㦂ⓗ࡟ศ࠿ࡗ࡚࠸ࡿ㸬࣏࢔ࢯࣥศ
ᕸࡣ㸪ᖹᆒ್ࢆỴᐃࡋ࡞ࡅࢀࡤ☜⋡ศᕸࢆỴᐃ࡛ࡁ࡞࠸ࡀ㸪ࡇࡢ್㸦᭱኱㍽㍵࢘࢕ࣥࢻ࢘
ࢧ࢖ࢬࡢᖹᆒ್ W㸧ࡣᩥ⊩[187]ࡢᚑ᮶◊✲࡟ࡼࡾ㸪ゎᯒⓗ࡟ồࡵࡽࢀ࡚࠸ࡿ (ᩘᘧ 2-2)㸬
ࡇࡇ࡛ bࡣ delayed ACKࣃ࣓ࣛࢱ(㏻ᖖ 2)㸪pࡣࣃࢣࢵࢺࣟࢫ⋡࡛࠶ࡿ㸬 
 
 (ᩘᘧ 2-2) 
 
(ᩘᘧ 2-2)࡜⿵㢟㸯࠿ࡽ㸪௨ୗࡢ㛵ಀࡀᡂࡾ❧ࡘ㸬 
 
࠙⿵㢟㸰ࠚ 
ࠕACK㔜」ᩘࡣ㸪ᖹᆒ್Ȣ=Wࡢ࣏࢔ࢯࣥศᕸ࡟ᚑ࠺ࠖ 
 
II. ࣃࢣࢵࢺࢧࣥࣉࣜࣥࢢ᫬ࡢ ACK㔜」ᩘࣔࢹࣝ 
ḟ࡟ࣃࢣࢵࢺࢧࣥࣉࣜࣥࢢ᫬࡟㸪⿵㢟 2 ࡢ࣏࢔ࢯࣥศᕸࡀ࡝ࡢࡼ࠺࡟ኚ໬ࡍࡿ࠿࡟ࡘ࠸
᳨࡚ウࡍࡿ㸬 
ࣃࢣࢵࢺࢆࢧࣥࣉࣜࣥࢢࡋࡓሙྜ㸪ࢧࣥࣉࣜࣥࢢ☜⋡ࢆ s࡜ࡍࡿ࡜㸪᳨ ฟACK㔜」ᩘࡣ㸪
ᮏ᮶Ⓨ⏕ࡋࡓࠕACK㔜」ᩘs ࡜ࠖ࡞ࡿ㸬ࡇࡢࡓࡵ㸪ࢧࣥࣉࣜࣥࢢィ ࢆ⾜ࡗࡓሙྜࡢ ACK
㔜」ᩘࡢᖹᆒ್Ȣࡣ(ᩘᘧ 2-3)࡜࡞ࡿ㸬 
   (ᩘᘧ 2-3) 
(ᩘᘧ 2-3)ࡼࡾ௨ୗࡢ⿵㢟ࡀᡂࡾ❧ࡘ㸬 
 
࠙⿵㢟㸱ࠚ 
ࠕࢧࣥࣉࣜࣥࢢィ ᫬ࡢ ACK㔜」ᩘࡣ㸪ᖹᆒ್Ȣ=Wsࡢ࣏࢔ࢯࣥศᕸ࡟ᚑ࠺ࠖ 
 
III. ᳨▱☜⋡ Qࡢᑟฟ 
௨ୖࡢ㔜」 ACKࡢࣔࢹࣝ໬ᘧࢆ⏝࠸ࡿࡇ࡜࡛㸪ࣃࢣࢵࢺࣟࢫ⋡ࡢ᥎ᐃᘧࢆᑟฟࡍࡿ㸬 
ࡣࡌࡵ࡟᳨▱☜⋡ Qnࢆồࡵࡿ㸬㏻ಙ୰࡟ᮏ᮶Ⓨ⏕ࡋࡓ㔜」ᩘ(ࣃࢣࢵࢺࣟࢫᅇᩘ)ࢆ A㸦ᮍ
▱ᩘ㸧࡜⨨ࡃ࡜㸪๓⠇ࡢ㆟ㄽ࡟ࡼࡾ㸪୍ᗘࡢࣃࢣࢵࢺࣟࢫ࡛ྠࡌ ACK␒ྕࢆ iᅇ᳨ฟ࡛ࡁ
ࡿ๭ྜࡣ(ᩘᘧ 2-4)ࡢ࣏࢔ࢯࣥศᕸ PA(i)࡟ᚑ࠺(ῧ࠼Ꮠࡣࣃࢣࢵࢺࣟࢫᅇᩘ)㸬 
 
(ᩘᘧ 2-4) 
 
 
W=
ߣ=Wൈ ݏ㻌
)
3
8
(
!
)
3
8
(
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ࡇࡢ࡜ࡁ㸪㏻ಙ୰࡟ᮏ᮶Ⓨ⏕ࡋࡓ㔜」ᩘࡀ A ᅇ࡛࠶ࡿࡇ࡜㸪࡜☜⋡ศᕸࡢᛶ㉁㸦0 ࠿ࡽ
҄ࡲ࡛ࡢ⥲ᩘࡀ 1㸧㸪ࡼࡾ(ᩘᘧ 2-5)ࡀᡂࡾ❧ࡘ㸬 
 
(ᩘᘧ 2-5) 
 
ࡋ࠿ࡋᐇ㝿࡟ࡣ㸪ࢧࣥࣉࣜࣥࢢ࡟ࡼࡾ᳨▱ࡋࡓ㔜」ᅇᩘࡀ 0 ( i = 0 )࡜࡞ࡗࡓሙྜ࡟ࡣ㸪
ࡑࡢ⌧㇟ࢆㄆ㆑ࡍࡿࡇ࡜ࡣ࡛ࡁ࡞࠸㸬ࡲࡓ㸪᳨▱ࡋࡓ㔜」ᅇᩘࡀ 1 ( i = 1 )࡜࡞ࡗࡓሙྜ࡟
ࡣ㸪ṇᖖ࡞ ACK࠿㔜」ࡋࡓ ACK࠿ࢆぢศࡅࡿࡇ࡜ࡀ࡛ࡁ࡞࠸㸬ࡇࡢࡓࡵ㸪ᡃࠎࡀㄆ㆑࡛
ࡁࡿࡢࡣ㸪iӍ2 ࡢሙྜࡢࡳ࡛࠶ࡿ㸬ࡼࡗ࡚ࢧࣥࣉࣜࣥࢢィ ᫬࡟ほᐹࡍࡿࡇ࡜ࡀ࡛ࡁࡿ㸪
୍ᗘࡢࣃࢣࢵࢺࣟࢫ࡛ྠࡌ ACK␒ྕࢆ᳨ฟ࡛ࡁࡿᅇᩘࡣ(ᩘᘧ 2-6)࡛࠶ࡿ㸬 
 
(ᩘᘧ 2-6) 
 
(ᩘᘧ 2-5)࡜(ᩘᘧ 2-6)࠿ࡽ㸪᳨ฟ࡛ࡁࡿ㔜」 ACKࡢ๭ྜ㸦᳨ฟ࡛ࡁࡿ㔜」 ACKᩘ / 㔜
」 ACKࡢ⥲ᩘ㸧㸪ࡘࡲࡾ᳨̓▱☜⋡ Qn̓ࡣ(ᩘᘧ 2-7)࡜࡞ࡿ㸬 
 
(ᩘᘧ 2-7) 
 
ࡇࡢ᳨▱☜⋡ Qnࢆṇ☜࡟▱ࡿࡓࡵ࡟ࡣ㸪࣏࢔ࢯࣥศᕸ PAࡢᖹᆒ್ࡀᚲせ࡜࡞ࡿ㸬ࡘࡲ
ࡾᮍ▱ᩘ࡛࠶ࡿࣃࢣࢵࢺࣟࢫᅇᩘ̓A̓ࡀุ᫂ࡋ࡚࠸ࡿᚲせࡀ࠶ࡾ㸪஦๓࡟▱ࡿࡇ࡜ࡣ࡛ࡁ
࡞࠸㸬ࡇࡢࡓࡵ㸪ࣃࢣࢵࢺࣟࢫᅇᩘࢆ᥎ᐃ(Xn)ࡋ㸪ࡑࡢ᥎ᐃ࣏࢔ࢯࣥศᕸ PX (i)࡟ࡼࡾ㸪┿
ࡢࣃࢣࢵࢺࣟࢫᅇᩘࢆồࡵࡿ㸬 
(ᩘᘧ 2-6)࡜(ᩘᘧ 2-7)ࡢ᥎ᐃ್ࢆ(ᩘᘧ 2-1)࡟௦ධࡍࡿ࡜㸪(ᩘᘧ 2-8)ࢆᑟฟࡍࡿࡇ࡜ࡀ
࡛ࡁࡿ㸬ࡇࡇ࡛(ᩘᘧ 2-7)ࡢ᥎ᐃ್ࡀṇࡋࡅࢀࡤ(ᩘᘧ 2-8)ࡢゎࡣ A㸪ࡘࡲࡾ┿ࡢࣃࢣࢵࢺ
ࣟࢫᅇᩘ࡜࡞ࡿ㸬 
 
(ᩘᘧ 2-8) 
 
 
ᐇ㝿࡟ࡣ᭱ึ࡟ᚓࡽࢀࡿ᳨▱☜⋡ Q1ࡢ᥎ᐃ್ࡀṇࡋ࠸್࡛࠶ࡿྍ⬟ᛶࡣᴟࡵ࡚ప࠸㸬ࡋ
࠿ࡋ࡞ࡀࡽ㛵ᩘ F(Xn)ࢆ㸪F(Xn)=Xn+1࡛࠶ࡿ↓㝈ᩘ౛࡜⪃࠼ࡿ࡜㸪k=2ࡢሙྜ㸪ࡑࡢᴟ㝈ࡣ
A࡟཰᮰ࡍࡿᛶ㉁ࡀ࠶ࡿ(F҄(X1)ЍA㸪2㸬4❶ࡢド᫂)㸬ࡇࡢࡓࡵ㸪k=2࡜ࡋ࡚཯᚟ィ⟬ࢆ⧞
ࡾ㏉ࡍ࡜㸪௵ពࡢึᮇ್ X1ࢆ୚࠼࡚ࡶ㸪᥎ᐃ್ࡀṇࡋ࠸್࡟཰᮰ࡍࡿ㸬ࡇࡢ཯᚟ィ⟬࡟ࡼ
ࡾ㸪┿ࡢࣃࢣࢵࢺࣟࢫᅇᩘ Aࢆ᥎ᐃࡍࡿࡇ࡜ࡀྍ⬟࡜࡞ࡿ㸬 
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2.3.4 ࣃࢣࢵࢺࣟࢫ⋡᥎ᐃ࢔ࣝࢦࣜࢬ࣒ 
 ACKࣃࢣࢵࢺࡢほ ࡟ࡼࡾ TCPࡢ End-to-Endࡢࣃࢣࢵࢺࣟࢫ⋡ࢆ᥎ᐃࡍࡿᡭ㡰ࢆ௨ୗ
࡟♧ࡍ㸬 
1. ࢧࣥࣉࣜࣥࢢィ ࣟࢢ࠿ࡽ(ᩘᘧ 2-6)࡟┦ᙜࡍࡿkᅇ(kӍ2)௨ୖྠࡌACK␒ྕࡀ
㔜」ࡋࡓᅇᩘࢆ࢝࢘ࣥࢺࡍࡿ㸬 
2. ᥎ᐃࣃࢣࢵࢺࣟࢫᅇᩘࢆ᥎ᐃࡍࡿ㸬 
3. 2ࡢ᥎ᐃ⤖ᯝ࠿ࡽ(ᩘᘧ 2-7)ࡢ᳨▱☜⋡ࢆィ⟬ࡍࡿ㸬 
4. 1࡜ 3ࡢィ⟬⤖ᯝ࠿ࡽ(ᩘᘧ 2-8)ࢆィ⟬ࡋࣃࢣࢵࢺࣟࢫᅇᩘࢆ᥎ᐃࡍࡿ 
5. 4࡛ᚓࡽࢀࡓ್ࢆ 2ࡢ᥎ᐃࣃࢣࢵࢺࣟࢫᅇᩘ࡜ࡋ࡚㸪2࠿ࡽ 4ࡲ࡛ࢆ཯᚟ィ⟬ࡋ㸪
┿್࡟㏆࡙ࡅࡿ㸬 
ᮏᡭ㡰࡛ࡣࢫࢸࢵࣉ 2 ࡛᭱ึ࡟ࣃࢣࢵࢺࣟࢫ⋡ࢆ᥎ᐃࡋ㸪ࡑࡢ್ࢆ౑ࡗ࡚ࢫࢸࢵࣉ 4 ࡢ
ࣃࢣࢵࢺࣟࢫ⋡ࢆᚓ࡚࠸ࡿ㸬ࡇࡢࡓࡵᮏᡭ㡰࡛ࡣࢫࢸࢵࣉ 2 ࡢண ್ࡀ኱ࡁࡃእࢀࡿሙྜ
ࡣ㸪ࢫࢸࢵࣉ 4 ࡢ᥎ᐃ್ࡶእࢀࡿሙྜࡀ࠶ࡿ㸬ࡋ࠿ࡋ㸪ࡑࡢሙྜ࡛ࡶࢫࢸࢵࣉ 2 ࠿ࡽࢫࢸ
ࢵࣉ 4 ࢆᗄᗘ࠿ィ⟬ࡍࡿࡇ࡜࡟ࡼࡾ㸪┿್࡟㏆࡙࠸࡚࠸ࡃ㸬ࡇࡢᛶ㉁ࡢࡓࡵ㸪᭱ึࡢࢫࢸ
ࢵࣉ 2ࡣ㸪㐺ᙜ࡞್ࢆタᐃࡋ࡚ࡶᵓࢃ࡞࠸㸬 
 
2.4 ᥦ᱌ᡭἲࡢ཰᮰ᛶド᫂ 
ᮏ❶࡛ࡣ㸪๓❶ࡢࣃࢣࢵࢺࣟࢫ⋡᥎ᐃ࢔ࣝࢦࣜࢬ࣒ࡀ㸪཯᚟ィ⟬ࢆ⾜࠺ࡇ࡜࡟ࡼࡾ㸪┿
ࡢࣃࢣࢵࢺࣟࢫ⋡࡟཰᮰ࡋ࡚࠸ࡃࡇ࡜ࢆ♧ࡍ㸬 
௒㸪᥎ᐃ㛵ᩘ F(Xn)ࢆ౑ࡗࡓ཯᚟ィ⟬ࢆ㸪F(Xn)=Xn+1࡛࠶ࡿ↓㝈ᩘ౛࡜⪃࠼ࡿ㸬↓㝈ᩘิ
ࡀ཰᮰ࡍࡿࡓࡵ࡟ࡣ௨ୗࡢᐃ⌮ࢆ‶ࡓࡋ࡚࠸ࡿᚲせࡀ࠶ࡿ㸬 
 
࠙฼⏝ࡍࡿᐃ⌮ࠚ 
༢ㄪቑຍᩘิࡣ㸪ྛ㡯ࡀ୍ᐃࡢᩘ Kࢆ㉸࠼࡞࠸࡜ࡁࡣ཰᮰㸬 
X1 ӌ X2  ӌ͐ӌ Xn ӌ͐ӌK࡞ࡽࡤ㸪 KX ii d fo Dlim  
 ࡇࡢᐃ⌮ࢆ฼⏝ࡋ㸪᥎ᐃ㛵ᩘࡀ௨ୗࡢᛶ㉁ࢆ‶ࡓࡋ࡚࠸ࡿࡇ࡜ࢆド᫂ࡍࡿ㸬 
I. ึᮇ᥎ᐃࣃࢣࢵࢺࣟࢫᅇᩘࡀ┿ࡢࣃࢣࢵࢺࣟࢫᅇᩘࡼࡾࡶᑠࡉ࠸ሙྜ㸦X1 ӌA㸧㸪
ᩘิ F(Xn)ࡣ༢ㄪቑຍࡋ㸪Aࢆ㉸࠼࡞࠸(XnӌF(Xn)ӌA)㸬 
II. ึᮇ᥎ᐃࣃࢣࢵࢺࣟࢫᅇᩘࡀ┿ࡢࣃࢣࢵࢺࣟࢫᅇᩘࡼࡾࡶ኱ࡁ࠸ሙྜ㸦X1 ӍA㸧㸪
ᩘิ F(Xn)ࡣ༢ㄪῶᑡࡋ㸪Aࢆୗᅇࡽ࡞࠸(AӌF(Xn)ӌXn)㸬 
 
2.4.1 ᮲௳ Iࡢド᫂ 
᮲௳ I㸦X1 ӌAࡢሙྜ㸪XnӌF(Xn)ӌA㸧ࢆド᫂ࡍࡿࡓࡵ࡟㸪(ᩘᘧ 2-9)ࢆ⏝࠸࡚ኚᩘኚ᥮
ࡍࡿ㸬 
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(ᩘᘧ 2-9) 
 
ࡇࡢ࡜ࡁド᫂ࡍ࡭ࡁၥ㢟(XnӌF(Xn)ӌA)ࡣ(ᩘᘧ 2-10)࡟᥮ࢃࡿ㸬 
 
 
(ᩘᘧ 2-10) 
 
 
ZAӌZXࡢሙྜ࡟(ᩘᘧ 2-10)ᘧࢆ‶㊊ࡍࡿࡇ࡜ࡀ㸪཯᚟ィ⟬࡛᥎ᐃ್ࡀ┿ࡢࣃࢣࢵࢺࣟࢫ
⋡࡟཰᮰ࡍࡿࡓࡵࡢ᮲௳࡛࠶ࡿ㸬 
 
(i) ୙➼ᘧ[ F(Xn)ӌA / (ᩘᘧ 2-10)ࡢྑഃ୙➼ᘧ ]ࡢド᫂ 
 
(ᩘᘧ 2-11) 
 
ࡇࡇ࡛(ᩘᘧ 2-10)ࡢศᏊ࣭ศẕࡣྠࡌ㛵ᩘ࡛࠶ࡿࡇ࡜࡟╔┠ࡋ㸪ࡑࡢ㛵ᩘ(ᩘᘧ 2-11)ࡢ
ᛶ㉁ࢆㄪ࡭ࡿ㸬㛵ᩘ G(Y)ࡣ㸪Y㸼0ࡢ⠊ᅖ࡟࠾࠸࡚㸪ࡑࡢഴࡁ㛵ᩘࡣ G̓(Y)㸼0 ࡜࡞ࡿ㸬
ࡇࢀࡣ㛵ᩘ G(Y)ࡀ༢ㄪቑຍ㛵ᩘ࡛࠶ࡾ㸪Y1ӌY2 ࡢሙྜ࡟ࡣ G(Y1)ӌG(Y2) ࡜࡞ࡿࡇ࡜ࢆ
ព࿡ࡍࡿ㸬ࡼࡗ࡚(ᩘᘧ 2-12)㸪ࡘࡲࡾ(ᩘᘧ 2-10)ࡢྑ㎶୙➼ᘧࡀᡂ❧ࡍࡿ㸬ࡇࡢࡓࡵ୙➼
ᘧ F(Xn)ӌAࡀᡂ❧ࡍࡿ㸬 
(ᩘᘧ 2-12) 
 
 
(ii) ୙➼ᘧ[ XnӌF(Xn) / (ᩘᘧ 2-10)ᘧࡢᕥഃ୙➼ᘧ ]ࡢド᫂ 
 (ᩘᘧ 2-10)ࡢᕥഃ୙➼ᘧࢆ(ᩘᘧ 2-13)࡟ኚᙧࡍࡿ㸬 
 
(ᩘᘧ 2-13) 
 
 
 (ᩘᘧ 2-13)ࡢྑ㎶࣭ ᕥ㎶ࡀྠࡌ㛵ᩘ࡛࠶ࡿࡇ࡜࡟╔┠ࡋ㸪ࡑࡢ㛵ᩘ(ᩘᘧ 2-14)ࢆㄪ࡭ࡿ㸬 
 
 
(ᩘᘧ 2-14) 
 
 
(ZA㸺ZX)
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 ࡇࡢ㛵ᩘH(Y)ࡢഴࡁࡣ(ᩘᘧ 2-15)࡜࡞ࡿ㸬 
 
(ᩘᘧ 2-15) 
 
 ࡇࡢ㛵ᩘH (̓Y)ࡣ k=2ࡢሙྜ࡟ࡣ㸪ᖖ࡟H (̓Y)㸺0ࡀᡂ❧ࡍࡿ㸬ࡲࡓ kӍ3ࡢሙྜ࡟ࡣ㸪
(ᩘᘧ 2-16)ࢆ‶㊊ࡍࡿሙྜࡢࡳ㸪H̓(Y)㸺0ࡀᡂ❧ࡍࡿ㸬 
 
(ᩘᘧ 2-16) 
 
H̓(Y)㸺0 ࡀᡂ❧ࡍࡿ᮲௳࡛ࡣ㸪H(Y)ࡀ༢ㄪῶᑡ㛵ᩘ࡜࡞ࡾ㸪Y1ӌY2 ࡢሙྜ㸪H(Y1)
ӍH(Y2) ࡀᡂࡾ❧ࡘ㸬ࡘࡲࡾ(ᩘᘧ 2-10)ࡢᕥ㎶୙➼ᘧࡀᡂ❧ࡍࡿ㸬ࡇࡢࡓࡵ XnӌF(Xn)ࡀ
ᡂ❧ࡍࡿ㸬 
 
(iii) ᴟ㝈[ AXii ZZ t fo Elim  ]ࡢド᫂ 
(i)࡜(ii)࡟ࡼࡾ㸪ZXnࡣ༢ㄪ࡟ῶᑡࡋ㸪ZAӌZXn (n=1㸪2㸪3㸪͐)࡛࠶ࡿ࠿ࡽ㸪{ZXn}ࡣ཰᮰
ࡍࡿ㸬ᚑࡗ࡚ࡑࡢᴟ㝈ࢆș࡜ࡍࡿ࡜㸪₞໬ᘧ࠿ࡽ(ᩘᘧ 2-17)࡜࡞ࡿ㸬 
 
(ᩘᘧ 2-17) 
 
Xn+1ӌF(Xn)ࢆ‶㊊ࡍࡿ᮲௳࡛ࡣ㸪H(ș)ࡣ༢ㄪῶᑡ㛵ᩘ࡜࡞ࡿࡇ࡜࠿ࡽ(ᩘᘧ 2-17)ࡢゎࡣ
୍ࡘ࡜࡞ࡿ㸬ࡲࡓ㸪ș㸻Z A ࡣ᫂ࡽ࠿࡟(ᩘᘧ 2-17)ࡢゎ࡛࠶ࡿ㸬ࡼࡗ࡚㸪 AXii ZZ  folim ࡜
࡞ࡿ㸬 
 
2.4.2 ᮲௳ IIࡢド᫂ 
᮲௳ II ࡢド᫂ࡣ㸪᮲௳ I ࡜ྠᵝ࡟㐍ࡵࡿࡇ࡜ࡀ࡛ࡁࡿ㸬᮲௳ II ࢆ(ᩘᘧ 2-9)ࢆ⏝࠸࡚ኚ
᥮ࡍࡿ࡜(ᩘᘧ 2-18)࡜࡞ࡿ㸬 
 
(ᩘᘧ 2-18) 
 
 
ZXӌZA ࡢሙྜ࡟(ᩘᘧ 2-18)ࢆ‶㊊ࡍࡿࡇ࡜ࡀ㸪཯᚟ィ⟬࡛᥎ᐃ್ࡀ┿ࡢࣃࢣࢵࢺࣟࢫ⋡
࡟཰᮰ࡍࡿࡓࡵࡢ᮲௳࡛࠶ࡿ㸬 
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(iv) ୙➼ᘧ[ AӌF(Xn) / ((ᩘᘧ 2-18)ࡢᕥഃ୙➼ᘧ ]ࡢド᫂ 
 (i)࡜ྠᵝ࡟(ᩘᘧ 2-11)ࡢ㛵ᩘࡀ༢ㄪቑຍ࡜࡞ࡿࡇ࡜࠿ࡽ㸪ZXӌZA ࡼࡾ㸪G(ZX) ӌ 
G(ZA) ࡀᡂ❧㸬ࡇࢀ࡟ࡼࡾ(ᩘᘧ 2-18)ࡢᕥ㎶୙➼ᘧࡀᡂࡾ❧ࡘ㸬 
 
(v) ୙➼ᘧ[ F(Xn) ӌXn / (ᩘᘧ 2-18)ࡢྑഃ୙➼ᘧ ]ࡢド᫂ 
 (ii)࡜ྠᵝ࡟(ᩘᘧ 2-14)ࡢ㛵ᩘࡀ(ᩘᘧ 2-16)ࢆ‶ࡓࡋ࡚࠸ࡿሙྜ࡟ࡣ㸪༢ㄪῶᑡࡍࡿࡇ࡜
࠿ࡽ㸪ZXӌZA ࡢሙྜ㸪 H(ZA)ӌH(ZX)ࡀᡂ❧㸬ࡇࢀࡼࡾ(ᩘᘧ 2-18)ࡢྑ㎶୙➼ᘧࡀᡂࡾ❧
ࡘ㸬 
 
(vi) ᴟ㝈[ AXii ZZ d fo Elim  ]ࡢド᫂ 
(iii)࡜ྠᵝ࡟(ᩘᘧ 2-17)ࡢ㛵ᩘࡢゎࢆồࡵࡿ㸬(ᩘᘧ 2-17)ࡢ㛵ᩘࡢゎࡣ၏୍࡛࠶ࡾ㸪ș㸻
ZAࡣ᫂ࡽ࠿࡟(ᩘᘧ 2-17)ࡢゎ࡛࠶ࡿࡓࡵ㸪 AXii ZZ  folim  ࡜࡞ࡿ㸬 
 
௨ୖ࡟ࡼࡾ㸪᥎ᐃ࢔ࣝࢦࣜࢬ࣒ࡢḟࡢᛶ㉁ࢆ♧ࡋࡓ㸬 
z k=2ࡢሙྜ࡟ࡣ㸪཯᚟࡟ࡼࡾ㸪᥎ᐃࣃࢣࢵࢺࣟࢫ⋡ࡀ┿ࡢࣃࢣࢵࢺࣟࢫ⋡࡟཰᮰ࡍࡿ㸬 
z kӍ3 ࡢሙྜ࡟ࡣ㸪(ᩘᘧ 2-16)ࢆ‶㊊ࡍࡿ᮲௳࡛㸪཯᚟࡟ࡼࡾ㸪᥎ᐃࣃࢣࢵࢺࣟࢫ⋡
ࡀ┿ࡢࣃࢣࢵࢺࣟࢫ⋡࡟཰᮰ࡍࡿ㸬 
 
k=2ࡢ≀⌮ⓗ࡞ព࿡ࡣ㸪஧ᅇ௨ୖྠࡌ ACK␒ྕࢆ᳨▱ࡋࡓሙྜ࡟㔜」 ACKⓎ⏕ᅇᩘࢆ
࢝࢘ࣥࢺ࢔ࢵࣉࡍࡿࡇ࡜࡟┦ᙜࡍࡿ㸬 
 
2.5 ࢧࣥࣉࣜࣥࢢᛶ⬟㝈⏺್ࡢᑟฟ 
๓⠇ࡢ᥎ᐃᘧࡢ཰᮰ᛶࡢド᫂࡟ࡼࡾ㸪k=2 ࡢሙྜ࡟ࡣ↓᮲௳࡟㸪kӍ3 ࡢሙྜ࡟ࡣ(ᩘᘧ 
2-16)ࡢ᮲௳ࢆ‶ࡓࡍ⠊ᅖ࡛㸪᥎ᐃ࢔ࣝࢦࣜࢬ࣒ࡀ┿ࡢࣃࢣࢵࢺࣟࢫ⋡࡟཰᮰ࡍࡿࡇ࡜ࢆ♧
ࡋࡓ㸬୍᪉㸪(ᩘᘧ 2-8)ࡢ᥎ᐃᘧࡣ㸪ࡑࡢタィࣃ࣓ࣛࢱ࡟( s㸪 Xn㸪 k ) ࢆᣢࡘ㸬 
ࡇࡢࡓࡵ㸪kӍ3ࡢሙྜ࡛ࡶ㸪(s㸪 Xn) ࡟ఱࡽ࠿ࡢไ⣙ࢆᣢࡓࡏࡿࡇ࡜࡛㸪᥎ᐃ࢔ࣝࢦࣜ
ࢬ࣒ࢆ┿ࡢࣃࢣࢵࢺࣟࢫ⋡࡟཰᮰ࡉࡏࡿࡇ࡜ࡀฟ᮶ࡿ࡜⪃࠼ࡽࢀࡿ㸬 
ᮏ⠇࡛ࡣ㸪ࡇࡢ kӍ3ࡢሙྜ࡟㸪┿ࡢࣃࢣࢵࢺࣟࢫ⋡ࢆồࡵࡿࡓࡵࡢ sࡢ᮲௳ࢆ᫂☜࡟ࡍ
ࡿࡇ࡜࡛㸪ࢧࣥࣉࣜࣥࢢ࣮ࣞࢺᛶ⬟ࡢ㝈⏺್ࢆᑟฟࡍࡿ㸬 
 
2.5.1 kࡢ཰᮰᮲௳ 
kӍ3ࡢ཰᮰᮲௳ࡣ(ᩘᘧ 2-16)ࢆ‶ࡓࡍ YࡀᏑᅾࡍࡿࡇ࡜࡛࠶ࡿ㸬ࡇࡢ(ᩘᘧ 2-16)ᘧࡢᚤ
ศ㛵ᩘࡣ(ᩘᘧ 2-19)࡜࡞ࡿ㸬 
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(ᩘᘧ 2-19) 
 
 ࡇࡢࡇ࡜࠿ࡽ㸪Y=k-2 ࡀ၏୍ࡢኚᴟⅬ࡛㸪Y㸼(k-2)࡛ࡣ༢ㄪῶᑡ㛵ᩘ࡜࡞ࡿ㸬I(Y)=0
࠿ࡘ㸪Y㸼(k-2)ࢆ‶ࡓࡍ᭱ᑠࡢ Y ࢆ Ymin ࡜ᐃ⩏ࡍࡿ࡜㸪Y㸼Ymin ࡢ㡿ᇦ࡛ࡣᖖ࡟ I(Y)㸺
I(Ymin)㸺0ࡀᡂ❧ࡍࡿ㸬ࡇࡢࡓࡵ㸪kӍ3࡛ࡢ཰᮰᮲௳ࡣ Y㸼Ymin࡜࡞ࡿ㸬 
 
ᅗ 2-5 kࡢ Y࡟㛵ࡍࡿ཰᮰᮲௳ 
 
 (ᩘᘧ 2-16)࠿ࡽ k=2࠿ࡽ 6ࡢ Yminࢆᩘ್ィ⟬(⢭ᗘ 10㸫4ࢆษୖ)ࡋࡓࡶࡢࢆ Y’min࡜ࡍ
ࡿ࡜(ᩘᘧ 2-20)࠿ࡽ(ᩘᘧ 2-24)࡜࡞ࡿ㸦ᅗ 2-5ཧ↷㸧㸬 
(ᩘᘧ 2-20) 
(ᩘᘧ 2-21) 
(ᩘᘧ 2-22) 
(ᩘᘧ 2-23) 
(ᩘᘧ 2-24) 
㻙㻞
㻙㻝㻚㻡
㻙㻝
㻙㻜㻚㻡
㻜
㻜㻚㻡
㻜 㻞 㻠 㻢 㻤
㻵㻔㼅
㻕
㼅
㻵㻔㼅㻘㼗㻩㻞㻕
㻵㻔㼅㻘㼗㻩㻟㻕
㻵㻔㼅㻘㼗㻩㻠㻕
㻵㻔㼅㻘㼗㻩㻡㻕
㻵㻔㼅㻘㼗㻩㻢㻕
k=2㸪Ymin㸺 Y̓min = 0 
k=3㸪Ymin㸺 Y̓min = 1㸬452
k=4㸪Ymin㸺 Y̓min = 2㸬838
k=5㸪Ymin㸺 Y̓min = 4㸬184 
k=6㸪Ymin㸺 Y̓min = 5㸬503 
}2}{
)!1(
{)('
1
kYe
k
YYI Y
k
 


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Yࡣ᥎ᐃࣃࢣࢵࢺࣟࢫ⋡ x ( = Xn/Th )࡜㸪ࢧࣥࣉࣜࣥࢢ☜⋡ sࡢ㛵ᩘ࡛࠶ࡾ㸪(ᩘᘧ 2-25)
ࡢ㛵ಀࢆᣢࡘࡇ࡜࠿ࡽ㸪(ᩘᘧ 2-20)࠿ࡽ(ᩘᘧ 2-24)ࢆ(ᩘᘧ 2-26)࠿ࡽ (ᩘᘧ 2-30)࡜ኚ᥮
࡛ࡁࡿ㸬ࡇࢀࡀ kӍ3ࡢ཰᮰᮲௳ࢆ‶ࡓࡍࡓࡵࡢ㸪ࢧࣥࣉࣜࣥࢢ☜⋡ s࡜᥎ᐃࣃࢣࢵࢺࣟࢫ
ᅇᩘ Xnࡢ㛵ಀ࡜࡞ࡿ㸬 
(ᩘᘧ 2-25) 
 
(ᩘᘧ 2-26) 
(ᩘᘧ 2-27) 
(ᩘᘧ 2-28) 
  (ᩘᘧ 2-29) 
 (ᩘᘧ 2-30) 
 (s㸪 Xn) ࡢ⠊ᅖ࠿ࡽ㸪ࢧࣥࣉࣜࣥࢢ☜⋡ s ࢆ୚࠼ࡓ࡜ࡁࡢ᥎ᐃࣃࢣࢵࢺࣟࢫ⋡ࡢ᥈⣴
⠊ᅖࡀồࡲࡿ㸬཯᚟ィ⟬࡟ࡼࡾ㸪┿ࡢࣃࢣࢵࢺࣟࢫ⋡ࢆồࡵࡿ࡟ࡣ㸪᥎ᐃࣃࢣࢵࢺࣟࢫࡢ
᥈⣴⠊ᅖෆ࡟┿ࡢࣃࢣࢵࢺࣟࢫ⋡ࡀ཰ࡲࡗ࡚࠸ࡿᚲせࡀ࠶ࡿ㸬ࡼࡗ࡚㸪kӍ3 ࡟࠾࠸࡚㸪᥎
ᐃᘧࡀ┿ࡢࣃࢣࢵࢺࣟࢫ⋡࡟཰᮰ࡍࡿࡓࡵࡢ᮲௳ࡣ㸪ึᮇ᥎ᐃࣃࢣࢵࢺࣟࢫ⋡࡜┿ࡢࣃࢣ
ࢵࢺࣟࢫ⋡ࡀඹ࡟(ᩘᘧ 2-26)࠿ࡽ (ᩘᘧ 2-30)ࢆ‶㊊ࡋ࡚࠸ࡿᚲせࡀ࠶ࡿ㸬ᅗ 2-6 (ࢧࣥ
ࣉࣜࣥࢢ☜⋡㸪 ࣃࢣࢵࢺࣟࢫ⋡)ࡢ཰᮰⠊ᅖ࡟᥎ᐃ࢔ࣝࢦࣜࢬ࣒ࡀ཰᮰ࡍࡿࡓࡵࡢ(ࢧࣥࣉ
ࣜࣥࢢ☜⋡㸪 ࣃࢣࢵࢺࣟࢫ⋡)ࡢ⠊ᅖࢆ♧ࡍ㸬 
 
ᅗ 2-6 (ࢧࣥࣉࣜࣥࢢ☜⋡㸪 ࣃࢣࢵࢺࣟࢫ⋡)ࡢ཰᮰⠊ᅖ 
㻜㻚㻜㻜㻜㻜㻜㻝
㻜㻚㻜㻜㻜㻜㻝
㻜㻚㻜㻜㻜㻝
㻜㻚㻜㻜㻝
㻜㻚㻜㻝
㻜㻚㻝
㻝
㻜㻚㻜㻝 㻜㻚㻝 㻝
㼜㻔䝟
䜿
䝑䝖
䝻
䝇
⋡
㻕
㼟㻔䝃䞁䝥䝸䞁䜾☜⋡㻕
㼗㻩㻟
㼗㻩㻠
㼗㻩㻡
㼗㻩㻢
k=2㸪( s㸪 Xn )඲㡿ᇦ࡛཰᮰ࡍࡿ
k=3㸪Xnӌ 0㸬6325 s2
k=4㸪Xnӌ 0㸬1655 s2
k=5㸪Xnӌ 0㸬0762 s2
k=6㸪Xnӌ 0㸬0044 s2
b
s
Y
x
2
23
8 ࣭㸻
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2.5.2 ࢧࣥࣉࣜࣥࢢᛶ⬟᮲௳ 
๓㡯ࡢ㆟ㄽ࡟ࡼࡾ㸪᥎ᐃᘧ(ᩘᘧ 2-8)ࡀࣃࢣࢵࢺࣟࢫ⋡ࢆ᥎ᐃࡍࡿࡓࡵࡢ(s㸪 Xn)ࡢ᮲௳
ࢆ᫂☜࡟ࡍࡿࡇ࡜ࡀฟ᮶ࡓ㸬ᮏ㡯࡛ࡣࡑࡢ᮲௳࠿ࡽࢧࣥࣉࣜࣥࢢ☜⋡࡜ࣃࢣࢵࢺࣟࢫ⋡ࡢ
㛵ಀࢆᑟࡃ㸬 
⌧ᐇⓗ࡞ࢿࢵࢺ࣮࣡ࢡࢆ⪃៖ࡋࡓሙྜ㸪ࣃࢣࢵࢺࣟࢫ⋡ࡣ㏻ᖖ 0%࠿ࡽᩘ%⛬ᗘ࡛࠶ࡾ㸪
0%࠿ࡽ 100%ࡢ඲⠊ᅖࢆ᥇ࡿྍ⬟ᛶࡣᴟࡵ࡚ప࠸㸬ࢿࢵࢺ࣮࣡ࢡ┘どࡢ┠ⓗࢆ⪃៖ࡍࡿ࡜㸪
␗ᖖ್ࡢ᭷↓ࡀ᳨▱࡛ࡁࡿࡇ࡜ࡀ㔜せ࡛࠶ࡿ㸬ࡇࡢࡓࡵ㸪┘ど᝿ᐃࡢࣃࢣࢵࢺࣟࢫ⋡(Xn)
ࡢ⠊ᅖࢆỴᐃࡍࢀࡤ㸪タᐃྍ⬟࡞ࢧࣥࣉࣜࣥࢢ☜⋡(s)ࡢ⠊ᅖ㸪ࡘࡲࡾ㸪ࢧࣥࣉࣜࣥࢢᛶ⬟(1/
ࢧࣥࣉࣜࣥࢢ☜⋡ s)ࡢ㝈⏺ᛶ⬟᮲௳ࡀỴᐃࡉࢀࡿ(ᅗ 2-7ཧ↷)㸬 
k=2ࡣ඲ಸ⋡(᭱኱ࢧࣥࣉࣜࣥࢢಸ⋡҄)࡜࡞ࡿ㸬ࡓࡔࡋᮏ❶࡛ࡢᛶ⬟㝈⏺್ࡣ཰᮰᮲௳࠿
ࡽồࡲࡿࡶࡢ࡛࠶ࡾ㸪ࡑࢀ௨እࡢ᮲௳(⤫ィ㔞ࡸ௬ᐃࡢᡂ❧⠊ᅖ㸪チᐜྍ⬟࡞཯᚟ᅇᩘ➼)
࠿ࡽࡇࡢᛶ⬟㝈⏺್ࡣไ⣙ࢆཷࡅࡿྍ⬟ᛶࡀ࠶ࡿ㸬 
 
ᅗ 2-7 ࢧࣥࣉࣜࣥࢢᛶ⬟ࡢ㝈⏺್ 
 
 
 
㻜㻚㻝
㻝
㻝㻜
㻝㻜㻜
㻜㻚㻜㻜㻝 㻜㻚㻜㻝 㻜㻚㻝
䝃
䞁
䝥
䝸䞁
䜾
ಸ
⋡
┘ど䛩䜛᭱኱䝟䜿䝑䝖䝻䝇⋡
㼗㻩㻟
㼗㻩㻠
㼗㻩㻡
㼗㻩㻢
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2.6 ࢩ࣑࣮ࣗࣞࢩࣙࣥホ౯ 
ᮏ⠇࡛ࡣNetwork Simulator2(௨ᚋ ns2)[188]ࢆ⏝࠸㸪ᥦ᱌ᡭἲࢆ᳨ドࡍࡿ㸬᳨ ドෆᐜࡣ㸪
ᥦ᱌ᡭἲࡢ௬ᐃࡢጇᙜᛶホ౯(㔜」 ACKࡢศᕸㄪᰝ)㸪ᥦ᱌ᡭἲࡢ᥎ᐃ⢭ᗘ㸪᥎ᐃ࢔ࣝࢦࣜ
ࢬ࣒ࡢ཯᚟㐣⛬ࡢ☜ㄆ㸪᥎ᐃ࢔ࣝࢦࣜࢬ࣒ࡢ᥎ᐃࣃࢣࢵࢺࣟࢫᅇᩘࡢึᮇ್ホ౯㸪᥎ᐃࣃ
ࢣࢵࢺࣟࢫ⋡ࡀ཰᮰ࡍࡿࡲ࡛ࡢ཯᚟ᅇᩘホ౯࡛࠶ࡿ㸬 
 
2.6.1 ホ౯⎔ቃ 
ࢩ࣑࣮ࣗࣞࢩࣙࣥ⎔ቃ࡟ࡘ࠸࡚ㄝ᫂ࡍࡿ㸬௨㝆ࡢホ౯࡛ࡣ㸪ᮏ⠇ࡢኚືࣃ࣓ࣛࢱࢆኚ໬
ࡉࡏ࡚㸪཯᚟࡟ࡼࡿ᥎ᐃ⢭ᗘࡢኚ໬ࢆホ౯ࡍࡿ㸬 
 
I. ᅛᐃࣃ࣓ࣛࢱ 
㹟㸬ࢿࢵࢺ࣮࣡ࢡᵓᡂ 
 ᅗ 2-8࡛♧ࡍࢿࢵࢺ࣮࣡ࢡᵓᡂ࡛ホ౯ࡋࡓ㸬ࡇࡢ࡜ࡁ End-to-End࡛ TCP㏻ಙࢆ⾜࠺㸬 
 
ᅗ 2-8 ホ౯ࢿࢵࢺ࣮࣡ࢡ⎔ቃ 
 
㹠㸬ほ ሙᡤ 
ᥦ᱌᪉ᘧ࡛ࡣ TCP ㏻ಙࡢ ACK ࣃࢣࢵࢺࢆほ ࡋ࡚㸪ࢹ࣮ࢱഃࡢࣃࢣࢵࢺࣟࢫࢆ᥎ᐃࡍ
ࡿ㸬ࡇࡢࡓࡵ㸪ACKഃࣃࢣࢵࢺࡢࡳࢆほ ࡍࡿ㸬ACKഃ࡞ࡽ㸪ほ ሙᡤࢆၥࢃࡎ㸪࡯ࡰྠ
ࡌ⤖ᯝࢆᚓࡿࡇ࡜ࡀ࡛ࡁࡿ㸬 
 
㹡㸬ᅇ⥺㐜ᘏ 
End-to-End㐜ᘏ᫬㛫࡜ࡋ࡚ 10ms㸪RTT⣙ 20msࡢሙྜࡢホ౯ࢆ⾜ࡗࡓ㸬ࡇࢀࡣᮾி̿
኱㜰㛫⛬ᗘࡢ㏻ಙ࡟┦ᙜࡍࡿ㸬ᥦ᱌ᡭἲ࡛ࡣ㸪End-to-Endࡢ㐜ᘏ᫬㛫ࡀྠࡌ࡛࠶ࢀࡤ㸪ࡑ
ࡢ୰ࡢࣀ࣮ࢻᩘࡸࣀ࣮ࢻ㛫ࡢ㐜ᘏ᫬㛫ࡢศ㓄➼࡟㛵ࢃࡽࡎ㸪ྠࡌ⤖ᯝ࡜࡞ࡿ㸬 
 
㹢㸬ほ ᫬㛫 
࡝ࡢ⛬ᗘࡢ᫬㛫ࡢࢹ࣮ࢱࢆඖ࡟ࣃࢣࢵࢺࣟࢫ⋡ࢆ⟬ฟࡍࡿ࠿ࡢᣦᶆ࡛࠶ࡿ㸬ࡇࡢᮇ㛫ࡀ
㛗࠸࡯࡝᥎ᐃඖ࡜࡞ࡿ⤫ィ㔞ࡀቑ࠼ࡿ㸬ᮏホ౯࡛ࡣᶆ‽ⓗ࡞MIB࡜ྠ⛬ᗘࡢ 5ศ࡜ࡋࡓ㸬 
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II. ኚືࣃ࣓ࣛࢱ 
㹣㸬ࣃࢣࢵࢺࣟࢫ⋡㸦ᐇ㝿ࡢࣟࢫᅇᩘ A /ࢫ࣮ࣝࣉࢵࢺ Th㸧 
TCP ㏻ಙࡢ㏦ಙ➃ᮎ࠿ࡽཷಙ➃ᮎ୰࡟ྥࡅ࡚ࡢࢹ࣮ࢱഃࣃࢣࢵࢺ࡟ᑐࡋ࡚ࣟࢫࢆタᐃࡋ
ࡓ㸬ホ౯ࣟࢫࣃࢱࣥࡣ㸪ࣛࣥࢲ࣒࡛ 0.1%㸪0.2%㸪0.5%㸪1.0%㸪1.5%㸪2.0%࡜ࡋࡓ㸬 
 
㹤㸬ࢧࣥࣉࣜࣥࢢಸ⋡㸦1/ࢧࣥࣉࣜࣥࢢ⋡ s㸧 
ࢧࣥࣉࣜࣥࢢ⋡ sࡣ㸪ほᐹ㢖ᗘ࡛࠶ࡿ㸬ᮏホ౯࡛ࡣࢧࣥࣉࣜࣥࢢಸ⋡㸯(s=1.0)㹼10(s=0.1)
ࡢ᮲௳࡛⾜ࡗࡓ㸬  
 
g㸬᥎ᐃࣃࢣࢵࢺࣟࢫᅇᩘࡢึᮇ್㸦X1㸧 
 ᥎ᐃᘧ(ᩘᘧ 2-8)࡟௦ධࡍࡿ X1 ࡛࠶ࡿ㸬ࡇࡢ್ࡀ㸪᥎ᐃ࢔ࣝࢦࣜࢬ࣒ࡀ┿ࡢࣃࢣࢵࢺࣟ
ࢫ࡟཰᮰ࡍࡿ཯᚟ᅇᩘ࡟ᙳ㡪ࢆ୚࠼ࡿ㸬 
 
h㸬ࢧࣥࣉࣜࣥࢢࣃࢱࣥ 
௨ୗ஧✀ࡢ୍᪉ࢆ౑ࡗ࡚ࢧࣥࣉࣜࣥࢢฎ⌮ࢆ⾜࠺㸬 
࣭ᆒ➼(ᐃᩘ)ࢧࣥࣉࣜࣥࢢ 
࣭ࣛࣥࢲ࣒(஘ᩘ)ࢧࣥࣉࣜࣥࢢ 
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2.6.2 ணഛᐇ㦂 
ࡣࡌࡵ࡟⿵㢟㸯㹼⿵㢟㸱ࡢጇᙜᛶࢆ᳨ドࡍࡿ㸬ࢿࢵࢺ࣮࣡ࢡෆ࡟ࣛࣥࢲ࣒ࣟࢫ (⣙ 1%) ࢆ
タᐃࡋ࡚ ACKഃࣃࢣࢵࢺࡢほ ࢆ 1800 ⛊㛫⾜ࡗࡓ㸬ࡇࡢ࡜ࡁⓎ⏕ࡋࡓ ACK 㔜」ᩘࢆࢢ
ࣛࣇ໬ࡋࡓࡶࡢࡀᅗ 2-9 ࢧࣥࣉࣜࣥࢢィ ᫬ࡢ㔜」 ACKࣄࢫࢺࢢ࣒࡛ࣛ࠶ࡿ㸬ࢢࣛࣇ࡛
ࡣᶓ㍈࡟ ACK㔜」ᩘࢆ᥇ࡾ㸪⦪㍈࡟ࡣⓎ⏕㢖ᗘࢆ᥇ࡗࡓ㸬ᅗ 2-9ࢆཧ↷ࡍࡿ࡜㸪ᴫࡡ࣏࢔
ࢯࣥศᕸ࡜࡞ࡗ࡚࠾ࡾ㸪⿵㢟ࡀጇᙜ࡛࠶ࡿ࡜࠸࠼ࡿ㸬 
 
ᅗ 2-9 ࢧࣥࣉࣜࣥࢢィ ᫬ࡢ㔜」 ACKࣄࢫࢺࢢ࣒ࣛ 
 
2.6.3 ࣃࢣࢵࢺࣟࢫ⋡᥎ᐃ⢭ᗘホ౯ 
ᥦ᱌ࡍࡿࣃࢣࢵࢺࣟࢫ⋡ࡢ᥎ᐃ⢭ᗘࢆホ౯ࡍࡿ㸬ᮏ㡯࡛ࡣ௨ୗ㸱✀㢮ࡢ᪉ᘧࢆẚ㍑ࡍࡿ㸬 
I. ṇゎࢹ࣮ࢱ㸸ᐇ㝿࡟Ⓨ⏕ࡋࡓࣃࢣࢵࢺࣟࢫ 
II. ᥦ᱌᪉ᘧ㸸ᥦ᱌᪉ᘧ࡟ࡼࡿࣃࢣࢵࢺࣟࢫ᥎ᐃ 
III. ᚑ᮶᪉ᘧ㸸ᩥ⊩[185]ࢆࢧࣥࣉࣜࣥࢢィ ࡟㐺⏝ 
ᅗ 2-10ࡣホ౯ಸ⋡ 10ಸ࡛ࡢ⢭ᗘẚ㍑⤖ᯝ࡛࠶ࡿ㸬ᶓ㍈࡟┿ࡢࣃࢣࢵࢺࣟࢫ⋡㸪⦪㍈࡟
᥎ᐃࣃࢣࢵࢺࣟࢫ⋡ࢆ᥇ࡿ㸬ᚑ᮶ᡭἲ㸦ۑ/⥳/◚⥺㸧ࡣṇゎ್㸦㟷/ᐇ⥺㸧࠿ࡽ኱ࡁࡃእࢀ࡚
࠾ࡾ㸪ࣃࢣࢵࢺࣟࢫ⋡ࡀ㸯%௨ୖ࡛ࡣᮏ᮶ࡢ್ࡢ⣙ 1/100ࡋ࠿ほ ࡛ࡁ࡚࠸࡞࠸㸬ࡇࢀ࡟ᑐ
ࡋ࡚㸪ᥦ᱌ᡭἲ㸦ی/㉥/஧Ⅼ㙐⥺㸧࡛ࡣ㸪ᖖ࡟ṇゎ್࡟㏆࠸್ࢆ♧ࡋ㸪⢭ᗘⰋࡃࣃࢣࢵࢺࣟ
ࢫ⋡ࢆ᥎ᐃ࡛ࡁ࡚࠸ࡿࡇ࡜ࡀศ࠿ࡿ㸬 
㻜
㻡㻜㻜
㻝㻜㻜㻜
㻝㻡㻜㻜
㻞㻜㻜㻜
㻞㻡㻜㻜
㻜 㻡 㻝㻜 㻝㻡 㻞㻜 㻞㻡
㻲㼞
㼑㼓
㼡㼑
㼚㼏
㼥㻌㼐
㼕㼟㼠
㼞㼕㼎
㼡㼠㼕
㼛㼚
㼠㼔㼑㻌㼚㼡㼙㼎㼑㼞㻌㼛㼒㻌㼕㻙㼐㼡㼜㼘㼕㼏㼍㼠㼑㻌㻭㻯㻷
㻿㼕㼙㼡㼘㼍㼠㼕㼛㼚㻌㻔㼟㻩㻝㻚㻜㻜㻕
㻿㼕㼙㼡㼘㼍㼠㼕㼛㼚㻌㻔㼟㻩㻜㻚㻡㻜㻕
㻼㼛㼕㼟㼟㼛㼚㻔㼕㻕㻌㻔㼟㻩㻝㻚㻜㻜㻕
㻼㼛㼕㼟㼟㼛㼚㻔㼕㻕㻌㻔㼟㻩㻜㻚㻡㻜㻕
䝅䝭䝳䝺䞊䝅䝵䞁䛷ᚓ䜙䜜䛯
㔜」ACK䝠䝇䝖䜾䝷䝮
௬ᐃ䛩䜛䝫䜰䝋䞁ศᕸ
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ᅗ 2-10 ホ౯ಸ⋡ 10ಸ㸦ࣛࣥࢲ࣒㸧࡛ࡢ⢭ᗘホ౯ 
 
ḟ࡟ࣃࢣࢵࢺࣟࢫ⋡/ホ౯ಸ⋡/ࢧࣥࣉࣜࣥࢢࣃࢱࣥࢆኚ໬ࡉࡏ࡚㸪ホ౯ࢆ⾜ࡗࡓ㸬ࡑࡢ⤖
ᯝࢆᅗ 2-11㸪ᅗ 2-12࡟♧ࡍ㸬 
㻜㻚㻜㻜㻜㻝
㻜㻚㻜㻜㻝
㻜㻚㻜㻝
㻜㻚㻝
㻜㻚㻜㻜㻝 㻜㻚㻜㻝 㻜㻚㻝
᥎
ᐃ
䝟
䜿
䝑䝖
ᗫ
Რ
⋡
┿䛾䝟䜿䝑䝖ᗫᲠ⋡
ᥦ᱌ᡭἲ
ᚑ᮶ᡭἲ
ṇゎ
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ᅗ 2-11 ᆒ➼ࢧࣥࣉࣜࣥࢢ᫬ࡢ᥎ᐃ⢭ᗘ 
 
ᅗ 2-12 ࣛࣥࢲ࣒ࢧࣥࣉࣜࣥࢢ᫬ࡢ᥎ᐃ⢭ᗘ 
㻝 㻞 㻟 㻠 㻡 㻢 㻣 㻤 㻥 㻝㻜
㻜
㻜㻚㻠
㻜㻚㻤
㻝㻚㻞
㻝㻚㻢
㻜㻚㻜㻜㻝
㻜㻚㻜㻝
㻜㻚㻜㻞㻡
㻜㻚㻜㻠
ಸ⋡
᥎ᐃ⢭ᗘ
䝟䜿䝑䝖䝻䝇⋡
㻜㻙㻜㻚㻠 㻜㻚㻠㻙㻜㻚㻤 㻜㻚㻤㻙㻝㻚㻞 㻝㻚㻞㻙㻝㻚㻢
㻝 㻞 㻟 㻠 㻡 㻢 㻣 㻤 㻥 㻝㻜
㻜
㻜㻚㻠
㻜㻚㻤
㻝㻚㻞
㻝㻚㻢
㻜㻚㻜㻜㻝
㻜㻚㻜㻝
㻜㻚㻜㻞㻡
㻜㻚㻜㻠
ಸ⋡
᥎ᐃ⢭ᗘ
䝟䜿䝑䝖䝻䝇
⋡
㻜㻙㻜㻚㻠 㻜㻚㻠㻙㻜㻚㻤 㻜㻚㻤㻙㻝㻚㻞 㻝㻚㻞㻙㻝㻚㻢
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 ᅗ 2-11㸪ᅗ 2-12ࡣ X㍈࡟ホ౯ಸ⋡(༢఩/ಸ)㸪Y㍈࡟ࣃࢣࢵࢺࣟࢫ㸦༢఩/๭ྜ㸧㸪Z㍈࡟
᥎ᐃ⢭ᗘ㸦༢఩/๭ྜ㸧ࢆ᥇ࡿ㸬᥎ᐃ⢭ᗘࡣ㸪ᥦ᱌ᡭἲ/ṇゎ್࡟ࡼࡾṇつ໬ࡋࡓ್࡛࠶ࡿ㸬 
 ᆒ➼ࢧࣥࣉࣜࣥࢢ㸦ᅗ 2-11㸧࡛ࡣ㸪ホ౯ಸ⋡ࡀ 5 ಸ⛬ᗘࡲ࡛ࡣ⢭ᗘⰋࡃ᥎ᐃ࡛ࡁࡿࡀ㸪
ࡑࢀ௨ୖࡢಸ⋡࡟࡞ࡿ࡜㸪ࣃࢣࢵࢺࣟࢫ⋡ࡀ㧗࠸㡿ᇦ࡛ࡣ᥎ᐃ⢭ᗘࡀຎ໬ࡋ࡚࠸ࡿ㸬 
 ࣛࣥࢲ࣒ࢧࣥࣉࣜࣥࢢ㸦ᅗ 2-12㸧࡛ࡣ㸪10ಸࡢ⠊ᅖ௨ෆ࡛ࡣ㸪඲㡿ᇦ࡛⢭ᗘⰋࡃࣃࢣࢵ
ࢺࣟࢫ⋡ࢆ᥎ᐃ࡛ࡁ࡚࠸ࡿࡇ࡜ࡀศ࠿ࡿ㸬 
 
2.6.4 ࣃࢣࢵࢺࣟࢫ⋡᥎ᐃ㐣⛬ホ౯ 
 ᮏホ౯࡛ࡣ㸪᥎ᐃࣃࢣࢵࢺࣟࢫᅇᩘࡢึᮇ್ࢆ୚࠼ࡓᚋࡢ(ᩘᘧ 2-8)ࡢゎᯒᘧ࡜ ns2࡛ࡢ
ࢩ࣑࣮ࣗࣞࢩࣙࣥ࡜ࡢ཯᚟㐣⛬ࢆẚ㍑ࡍࡿ(ᅗ 2-13)㸬ࡇࢀ࡟ࡼࡾ㸪ᐇ㝿࡟཯᚟ィ⟬⤖ᯝࡀ㸪
ゎᯒᘧ㏻ࡾ࡟ኚ໬ࡋ࡚࠸ࡿ࠿ࢆ☜ㄆࡍࡿ㸬 
 ᅗ 2-13 ࡣ㸪ࣃࢣࢵࢺࣟࢫ⋡ 1%ࡢ⎔ቃࢆࢧࣥࣉࣜࣥࢢ☜⋡ 10%࡛ほ ࡋࡓ⤖ᯝ࡛࠶ࡿ㸬
┿ࡢࣃࢣࢵࢺࣟࢫᅇᩘࡣ 1027ᅇ(ᐇ㝿࡟ࡣᮍ▱)࡛࠶ࡗࡓ㸬ࡇࡢ࡜ࡁึᮇ᥎ᐃࣃࢣࢵࢺࣟࢫ
ࢆ 1 ᅇ࡟ࡋࡓሙྜ࡜ 2000 ᅇ࡟ࡋࡓሙྜࡢࢩ࣑࣮ࣗࣞࢩ࡛ࣙࣥࡢ཯᚟㐣⛬ࢆグ㍕ࡋ࡚࠸ࡿ㸬
࡝ࡕࡽࡶᩘᅇࡢ཯᚟࡛ 926 ᅇ࡟཰᮰ࡋ࡚࠸ࡿ㸬ᅗ࠿ࡽࢩ࣑࣮ࣗࣞࢩࣙࣥ⤖ᯝࡀ㸪ゎᯒᘧᅗ 
2-13࡜཯᚟᮲௳ F(Xn)=Xn+1ࡢ⠊ᅖ࡟࠾࠾ࡼࡑ཰ࡲࡗ࡚࠸ࡿࡇ࡜ࡀศ࠿ࡿ㸬 
 
ᅗ 2-13 ࢩ࣑࣮ࣗࣞࢩࣙࣥ/ ゎᯒᘧ(ᩘᘧ 2-8)ࡢ཯᚟㐣⛬ 
 
 
1)(  nn XXF
┿䛾䝟䜿䝑䝖䝻䝇ᅇᩘ
(ᮍ▱ᩘ䠖1027)
ึᮇ᥎ᐃ䝟䜿䝑䝖䝻䝇ᅇᩘ=1ᅇ
䛾཯᚟㐣⛬
ึᮇ᥎ᐃ䝟䜿䝑䝖䝻䝇ᅇᩘ=2000ᅇ
䛾཯᚟㐣⛬
ゎᯒᘧ
(ᩘᘧ2-8)
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2.6.5 ᥎ᐃࣃࢣࢵࢺࣟࢫ⋡ࡢึᮇ್࡟ࡼࡿ཯᚟ᅇᩘホ౯ 
ᥦ᱌ᡭἲ࡛ࡣ᥎ᐃࣃࢣࢵࢺࣟࢫᅇᩘࡢึᮇ್ࢆ㐺ᙜ࡟㑅ᐃࡋ࡚ࡶ┿್࡟཰᮰ࡍࡿࡀ㸪㑅
ᐃࡍࡿ್࡟ࡼࡗ࡚཰᮰ࡍࡿࡲ࡛ࡢ཯᚟ᅇᩘࡀ␗࡞ࡗ࡚ࡃࡿ㸬ᮏホ౯࡛ࡣࢩ࣑࣮ࣗࣞࢩࣙࣥ
ࢆ㏻ࡋ࡚㸪㐺ษ࡞ึᮇࣃ࣓ࣛࢱࡢ㑅ᐃ᪉ἲ࡟ࡘ࠸᳨࡚ウࡍࡿ㸬 
ᅗ 2-14ࡣ㸪ࣃࢣࢵࢺࣟࢫ⋡ 1%ࡢ⎔ቃࢆࢧࣥࣉࣜࣥࢢ☜⋡ 10%࡛ほ ࡋࡓሙྜ࡟㸪ᅄ✀
㢮ࡢึᮇ᥎ᐃ್ࢆ⏝࠸࡚཯᚟ᅇᩘࢆホ౯ࡋࡓ⤖ᯝ࡛࠶ࡿ㸬┿ࡢࣃࢣࢵࢺࣟࢫᅇᩘࡣ 1027ᅇ
࡛࠶ࡿ㸬 
I. ึᮇ್ 1ᅇ㸸᭱ᑠ್ࡢ௦⾲್(ࣃࢣࢵࢺࣟࢫ⋡ 0.001%) 
II. ึᮇ್ 317ᅇ㸸᳨▱㔜」 ACKᩘ 
III. ึᮇ್ 1000ᅇ㸸┤๓ࡢࣃࢣࢵࢺࣟࢫᅇᩘ 
IV. ึᮇ್ 10000ᅇ㸸᭱኱್ࡢ௦⾲್(ࣃࢣࢵࢺࣟࢫ⋡ 10%) 
 
ࡇࡢ⤖ᯝ㸪཰᮰ࡲ࡛ࡢ཯᚟ᅇᩘࡀᑡ࡞࠸㡰࡟㸪III<II<I<IV ࡛࠶ࡿ㸬III ࡣ┤๓ࡢ್ࢆ౑
࠺ࡓࡵ㸪ࣟࢫኚືࡀ኱ࡁ࠸ሙྜ࡟ࡣ౑࠼࡞࠸ྍ⬟ᛶࡀ࠶ࡿ㸬ࡇࡢࡓࡵ㸪஦๓࡟࠶ࡿ⛬ᗘࡢ
ண ࡀ࡛ࡁࡿሙྜ࡟ࡣࡑࡢ್ࢆ౑⏝ࡋ㸪ண ࡀฟ᮶࡞࠸ሙྜ࡟ࡣ᳨▱㔜」 ACKᩘࢆ౑⏝ࡍ
ࡿࡇ࡜ࡀᮃࡲࡋ࠸࡜⪃࠼ࡽࢀࡿ㸬 
 
ᅗ 2-14 ྛึᮇ᥎ᐃ್࡟ࡼࡿ཯᚟㐣⛬ 
 
㻝㻜㻜
㻝㻜㻜㻜
㻝㻜㻜㻜㻜
㻜 㻞 㻠 㻢 㻤 㻝㻜
᥎
ᐃ
䝟
䜿
䝑䝖
䝻
䝇
ᅇ
ᩘ
཯᚟ᅇᩘ
ึᮇ᥎ᐃ್㻝ᅇ
ึᮇ᥎ᐃ್㻟㻝㻣ᅇ
ึᮇ᥎ᐃ್㻝㻜㻜㻜ᅇ
ึᮇ᥎ᐃ್㻝㻜㻜㻜㻜ᅇ
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2.6.6 ཰᮰ࡲ࡛ࡢ཯᚟ᅇᩘホ౯ 
┿ࡢ್࡟཰᮰ࡍࡿࡲ࡛ࡢ཯᚟ᅇᩘࡣ㸪ࢧࣥࣉࣜࣥࢢಸ⋡(ࢧࣥࣉࣜࣥࢢ☜⋡ࡢ㏫ᩘ)ࡸࣃࢣ
ࢵࢺࣟࢫ⋡࡟ࡼࡗ࡚ࡶኚ໬ࡍࡿ㸬ᮏ㡯࡛ࡣ㸪ᥦ᱌᪉ᘧࡢ᥎ᐃ್ࡀ࠶ࡿ⛬ᗘࡢ⢭ᗘࢆ☜ಖࡍ
ࡿࡲ࡛࡟㸪࡝ࡢ⛬ᗘࡢ཯᚟ィ⟬ࡀᚲせ࡟࡞ࡿ࠿ࢆホ౯ࡍࡿ㸬 
 
ホ౯᮲௳ 1㸸᥎ᐃࣃࢣࢵࢺࣟࢫᅇᩘࡢึᮇ್ 
 ᥦ᱌ᡭἲ࡛ࡢ཰᮰ࡲ࡛ࡢ཯᚟ᅇᩘࡣ㸪᥎ᐃࣃࢣࢵࢺࣟࢫᅇᩘࡢึᮇ್ X1࡟኱ࡁ࡞ᙳ㡪ࢆ
ཷࡅࡿ㸬ࡇࡢ X1ࡣ๓⠇࡛ࡢホ౯࡟ࡼࡾ㸪ᐇ㝿ࡢ್ࡀண ࡛ࡁࡿሙྜ࡟ࡣࡑࡢ್ࢆ㸪ண ฟ
᮶࡞࠸ሙྜ࡟ࡣ᳨▱㔜」 ACKᩘࢆ౑⏝ࡍࡿࡢࡀᮃࡲࡋ࠸ࡇ࡜ࡀศ࠿ࡗࡓ㸬୍ ⯡࡟ண ್ࢆ
౑࠼ࡿ≧ἣࡣ㝈ᐃࡉࢀࡿࡓࡵ㸪ᮏホ౯࡛ࡢึᮇ್ X1ࡣ᳨͂▱㔜」 ACKᩘ̓ࢆ⏝࠸ࡿ㸬 
 
ホ౯᮲௳ 2㸸཰᮰࡟ࡘ࠸࡚ 
 ཯᚟ィ⟬࡛ᐇ㝿࡟┿್࡟཰᮰ࡍࡿࡓࡵ࡟ࡣከᩘࡢ཯᚟ࢆᚲせ࡜ࡍࡿ㸬ࡇࢀࡣ┿್㏆㎶࡛
ࡣ཯᚟࡟ࡼࡿ᥎ᐃ್ࡢኚ໬⋡ࡀᑡ࡞࠸࠿ࡽ࡛࠶ࡿ㸬ࡇࡢࡓࡵ㸪ᮏホ౯࡛ࡣ༑ศ࡟཰᮰ࡋࡓ
್ࢆᇶ‽್࡜ࡋ࡚㸪ࡑࡢ್ࡢ 90%௨ୖࡲ࡛཰᮰ࡍࡿࡢ࡟ᚲせ࡞཯᚟ᅇᩘ࡜㸪95%௨ୖࡲ࡛
཰᮰ࡍࡿࡢ࡟ᚲせ࡞཯᚟ᅇᩘ࡜ࢆホ౯ࡍࡿ㸬 
 
 
ᅗ 2-15 ࣃࢣࢵࢺࣟࢫ⋡ 1%㸪ࢧࣥࣉࣜࣥࢢ☜⋡ 10%ࡢ཯᚟ᅇᩘ࡜᥎ᐃ⢭ᗘ 
 
 
㻡㻜㻜
㻡㻡㻜
㻢㻜㻜
㻢㻡㻜
㻣㻜㻜
㻣㻡㻜
㻤㻜㻜
㻤㻡㻜
㻥㻜㻜
㻥㻡㻜
㻜 㻞 㻠 㻢 㻤 㻝㻜
᥎
ᐃ
䝟
䜿
䝑䝖
䝻
䝇
ᅇ
ᩘ
཯᚟ᅇᩘ
⢭ᗘ100%
⢭ᗘ95%
⢭ᗘ90%
⢭ᗘ80%
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ᅗ 2-16 ཰᮰ࡍࡿࡲ࡛ࡢ཯᚟ᅇᩘ㸦⢭ᗘ 90%௨ୖ㸧 
 
ᅗ 2-17 ཰᮰ࡍࡿࡲ࡛ࡢ཯᚟ᅇᩘ㸦⢭ᗘ 95%௨ୖ㸧 
㻜㻚㻝
㻜
㻞
㻠
㻢
㻤
㻝 㻞 㻟 㻠 㻡 㻢 㻣 㻤 㻥 㻝㻜
䝟䜿䝑䝖䝻䝇⋡
཯᚟ᅇᩘ
䝃䞁䝥䝸䞁䜾ಸ⋡
㻢㻙㻤
㻠㻙㻢
㻞㻙㻠
㻜㻙㻞
㻜㻚㻝
㻜
㻞
㻠
㻢
㻤
㻝㻜
㻝㻞
㻝 㻞 㻟 㻠 㻡 㻢 㻣 㻤 㻥 㻝㻜
䝟䜿䝑䝖䝻䝇⋡
཯᚟ᅇᩘ
䝃䞁䝥䝸䞁䜾ಸ⋡
㻝㻜㻙㻝㻞
㻤㻙㻝㻜
㻢㻙㻤
㻠㻙㻢
㻞㻙㻠
㻜㻙㻞
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ᅗ 2-15࡟ࣃࢣࢵࢺࣟࢫ⋡ 1%㸪ࢧࣥࣉࣜࣥࢢ☜⋡ 10%ࡢ཯᚟ᅇᩘ࡜᥎ᐃ⢭ᗘࡢ㛵ಀ㸪ᅗ 
2-16࡟཰᮰್ࡢ 90%௨ୖࢆ᥎ᐃࡍࡿࡲ࡛ࡢ཯᚟ᅇᩘ㸪ᅗ 2-17࡟཰᮰್ࡢ 95%௨ୖࢆ᥎ᐃ
ࡍࡿࡲ࡛ࡢ཯᚟ᅇᩘࢆ♧ࡍ㸬 
ᅗ 2-15ࢆཧ↷ࡍࡿ࡜㸪཯᚟ࡍࡿẖ࡟᥎ᐃ್ࡀ཰᮰್࡟㏆࡙࠸࡚࠸ࡃ㸬ࡓࡔࡋ཰᮰್࡟㏆
࡙ࡃ࡟ࡘࢀ୍ᗘࡢ཯᚟ィ⟬࡛཰᮰್࡟㏆࡙ࡃ๭ྜࡀᑡ࡞ࡃ࡞ࡿ㸬 
ᅗ 2-16 ࡜ᅗ 2-17 ࡟ࡼࡾ 90%ࡲ࡛ࡢ཯᚟ᅇᩘ࡜ 95%ࡲ࡛ࡢ཯᚟ᅇᩘ࡜ࢆẚ㍑ࡍࡿ࡜⣙
1.5ಸᅇᩘࡀ࠿࠿ࡗ࡚࠸ࡿ㸬ࡲࡓᅗ 2-17ࡼࡾ㸪ከࡃࡢሙྜᩘᅇ௨ෆࡢ཯᚟࡛㸪཰᮰್ࡢ 95%
௨ୖ࡟㏆࡙ࡃࡇ࡜ࡀศ࠿ࡿ㸬ࡓࡔࡋ㸪ࣃࢣࢵࢺࣟࢫ⋡ 2%௨ୖࡢ㡿ᇦ࡛ࡣ 10 ᅇ⛬ᗘࡢ཯᚟
ࡀᚲせ࡜࡞ࡿ㸬 
 
2.7 ࠾ࢃࡾ࡟ 
ᮏ❶࡛ࡣ㸪ࢧࣥࣉࣜࣥࢢᢏ⾡ࢆ⏝࠸ࡿࡇ࡜࡛㸪㧗㏿ࢿࢵࢺ࣮࣡ࢡ⎔ቃ࡟࠾࠸࡚ TCPࡢရ
㉁㸪ࣃࢣࢵࢺࣟࢫ⋡㸪ࢆ┘どࡍࡿ᪉ᘧࢆᥦ᱌ࡋࡓ㸬 
ᥦ᱌ᡭἲ࡛ࡣ㸪TCP ㏻ಙ᫬࡟ࡣࣃࢣࢵࢺࣟࢫࡀⓎ⏕ࡍࡿ࡜㸪ྠ୍ ACK ␒ྕࡀ」ᩘⓎ⏕
ࡍࡿࡇ࡜࡟╔┠ࡋ㸪ࢧࣥࣉࣜࣥࢢ⋡࡜ྠ୍ ACK␒ྕࡢほ ☜⋡ࡢ㛵ಀࢆ᫂ࡽ࠿࡟ࡍࡿࡇ࡜
࡟ࡼࡾ㸪ࢧࣥࣉࣜࣥࢢィ ࡛ࡢࣃࢣࢵࢺࣟࢫ᥎ᐃࢆྍ⬟࡜ࡋࡓ㸬 
ࢩ࣑࣮ࣗࣞࢩࣙࣥホ౯࡟࠾࠸࡚ࡣ㸪ほ ࣃࢣࢵࢺᩘࢆᑡ࡞ࡃࡋ࡚ࡶ㸦ᆒ➼ࢧࣥࣉࣜࣥࢢ
࡛ࡣ 5 ಸ⛬ᗘࡢಸ⋡㸪ࣛࣥࢲ࣒ࢧࣥࣉࣜࣥࢢ࡛ࡣ 10 ಸ௨ୖࡢಸ⋡㸧㸪⢭ᗘⰋࡃࣃࢣࢵࢺࣟ
ࢫ⋡ࢆ᥎ᐃ࡛ࡁࡿࡇ࡜ࢆ♧ࡋࡓ㸬 
ᮏ◊✲࡛ࡣ≉࡟㸪ᥦ᱌᪉ᘧࡀ┿ࡢࣃࢣࢵࢺࣟࢫ⋡࡟཰᮰ࡍࡿࡓࡵࡢ᮲௳ࢆゎᯒⓗ࡟᫂ࡽ
࠿࡟ࡋࡓ㸬ࡲࡓ㸪ࡇࡢ཰᮰᮲௳࠿ࡽタᐃྍ⬟࡞ࢧࣥࣉࣜࣥࢢ☜⋡ࡢ⠊ᅖࡶ᫂ࡽ࠿࡟ࡋࡓ㸬
ࡇࡢ⤖ᯝ㸪஧ᅇ௨ୖྠࡌ ACK␒ྕࢆ᳨▱ࡋࡓሙྜ࡟㸪᳨ฟ㔜」 ACKᩘࡢ࢝࢘ࣥࢺ࢔ࢵࣉ
(k=2)ࢆࡍࢀࡤ㸪ᖖ࡟┿ࡢࣃࢣࢵࢺࣟࢫ⋡࡟཰᮰ࡍࡿࡇ࡜ࡀศ࠿ࡗࡓ㸬ࡉࡽ࡟ࢩ࣑࣮ࣗࣞࢩ
ࣙࣥホ౯ࡶ⾜࠸㸪᥎ᐃ᪉ᘧࡀ┿ࡢࣃࢣࢵࢺࣟࢫ⋡࡟཰᮰ࡍࡿ㐣⛬ࢆ᫂ࡽ࠿࡟ࡋࡓ㸬 
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3. ࢩ࣮ࢣࣥࢫ␒ྕࡢ㏫㌿ᩘࡢほ ࡟ࡼࡿTCPࣃࢣࢵࢺࣟࢫ
᥎ᐃᡭἲ 
 
3.1 ࡣࡌࡵ࡟ 
ᚑ᮶㸪IPࢿࢵࢺ࣮࣡ࢡࢆ┘どࡍࡿࡓࡵ࡟ࡣ SNMP [189]࡟ࡼࡿᅇ⥺ẖࡢࢺࣛࣄࢵࢡὶ㔞
┘ど࡛༑ศ࡛࠶ࡗࡓ㸬ࡋ࠿ࡋࢿࢵࢺ࣮࣡ࢡࡀ኱つᶍ࣭」㞧໬ࡋ㸪♫఍࢖ࣥࣇࣛ࡜ࡋ࡚ࡢᙺ
๭ࡶồࡵࡽࢀࡿࡼ࠺࡟࡞ࡿ࡜㸪ࣇ࣮ࣟẖࡢရ㉁ࢆ┘どࡍࡿࡇ࡜ࡶ㔜せ࡜࡞ࡗ࡚ࡁ࡚࠸ࡿ㸬
ࣇ࣮ࣟẖࡢရ㉁ࢆ┘どࡍࡿࡇ࡜ࡀฟ᮶ࡿ࡜㸪1)࣮ࣘࢨࡢయឤࡋ࡚࠸ࡿ㏻ಙရ㉁ࢆᢕᥱ࡛ࡁࡿ㸪
2)ࣇ࣮ࣟࡢရ㉁᝟ሗࢆ኱㔞࡟཰㞟ࡍࡿࡇ࡜࡟ࡼࡾࢿࢵࢺ࣮࣡ࢡࢺࣔࢢࣛࣇ࢕[190-192]࡞࡝
ࡢᢏ⾡ࢆ⏝࠸࡚ရ㉁ຎ໬⟠ᡤࢆᢕᥱ࡛ࡁࡿ㸪3)ရ㉁ຎ໬⟠ᡤࢆ⤒⏤ࡍࡿࣇ࣮ࣟ࡟ᑐࡋ࡚⤒㊰
ኚ᭦࡞࡝ࡢᑐ⟇ࢆ㎿㏿࡟⾜࠼ࡿ㸪࡞࡝ࡀᮇᚅ࡛ࡁࡿ㸬ࡇࢀ࡟ࡼࡾၥ㢟ࡀⓎぬࡍࡿ๓࡟ᑐฎ
ࡍࡿ࡜࠸ࡗࡓຠᯝⓗ࡞ࢿࢵࢺ࣮࣡ࢡ⟶⌮ࢆᐇ⌧࡛ࡁࡿ㸬ࡇࡇ࡛ࣇ࣮ࣟ࡜ࡣ IP࣊ࢵࢲࡢ࠺ࡕ
㏦ཷಙ IP࢔ࢻࣞࢫ࡜㏦ཷಙ࣏࣮ࢺ␒ྕ࡜ࣉࣟࢺࢥࣝ␒ྕࡀ➼ࡋ࠸ࣃࢣࢵࢺࡢ㞟ྜࡢࡇ࡜࡛
࠶ࡿ㸬 
ࡋ࠿ࡋ࡞ࡀࡽࣇ࣮ࣟẖࡢရ㉁ࡢࡼ࠺࡞ࢿࢵࢺ࣮࣡ࢡࡢヲ⣽ศᯒࢆ⾜࠺ࡓࡵ࡟ࡣ㸪ᚑ᮶㸪
࣮ࣝࢱࡸࣉ࣮ࣟࣈ࡞࡝࡛ࡍ࡭࡚ࡢࣃࢣࢵࢺࢆほ ࡍࡿᚲせࡀ࠶ࡗࡓ㸬ࡍ࡭࡚ࡢࣃࢣࢵࢺࢆ
ほ ࣭ศᯒࡍࡿࡓࡵࡢࢥࢫࢺࡣᅇ⥺ࡢ㧗㏿໬࡜ඹ࡟ቑ኱ࡋ㸪ရ㉁┘どࡢᐇ⌧ᛶࢆⴭࡋࡃప
ୗࡉࡏࡿ୍ᅉ࡜࡞ࡗ࡚࠸ࡿ㸬 
ࡇࡢࡓࡵࢿࢵࢺ࣮࣡ࢡヲ⣽ศᯒࢆ㍍㔞࡟⾜࠺ࡓࡵࡢᢏ⾡࡜ࡋ࡚ sFlow[176]ࡸ
NetFlow[193]㸪IPFIX[194]㸪PSAMP[195]࡜࠸ࡗࡓࣃࢣࢵࢺࢧࣥࣉࣜࣥࢢᡭἲࡀὀ┠ࢆᾎ
ࡧ࡚࠸ࡿ㸬ࡇࢀࡽࡢᢏ⾡࡛ࡣ 1/nࡢࣃࢣࢵࢺࢧࣥࣉࣜࣥࢢࢆ⾜࠺ࡇ࡜࡛㸪ศᯒࡍࡿࡓࡵࡢ㈨
※㔞ࡸฎ⌮࣮࢜ࣂ࣊ࢵࢻࡶ 1/n࡟㍍㔞໬࡛ࡁࡿ㸬ࡋ࠿ࡋࢧࣥࣉࣜࣥࢢࢆ⾜࠺ࡇ࡜࡟ࡼࡗ࡚᝟
ሗࡢḞⴠࡀⓎ⏕ࡍࡿࡓࡵ㸪ほ ฟ᮶࡞࠸㡯┠ࡀⓎ⏕ࡋࡓࡾ㸪ほ ⢭ᗘࡀຎ໬ࡋࡓࡾࡍࡿ㸬
ࡇࢀ࡟ᑐฎࡍࡿࡓࡵ࡟⤫ィฎ⌮ࢆ㥑౑ࡋ࡚༢⣧࡟ࡣほ ฟ᮶࡞࠸㡯┠ࢆほ ࡋࡓࡾ㸪ほ 
⢭ᗘࢆྥୖࡉࡏࡓࡾࡍࡿᵝࠎ࡞◊✲ࡀ࡞ࡉࢀ࡚࠸ࡿ[196-204]㸬 
ࣇ࣮ࣟရ㉁ィ ࡟࠾࠸࡚ࣃࢣࢵࢺࢧࣥࣉࣜࣥࢢࢆ⾜ࡗࡓሙྜ㸪≉࡟ࣃࢣࢵࢺࣟࢫࡢ᳨ฟ
ࡀᅔ㞴࡜࡞ࡿ㸬ࡇࢀࡣࣃࢣࢵࢺほ ࡛ࡁ࡞࠸⌮⏤ࡀࣃࢣࢵࢺࣟࢫ࡟ࡼࡿࡶࡢ࠿ࣃࢣࢵࢺࢧ
ࣥࣉࣜࣥࢢ࡟ࡼࡿࡶࡢ࠿㆑ูฟ᮶࡞࠸ࡓࡵ࡛࠶ࡿ㸬ࡇࢀࡲ࡛ࡢ◊✲࡛ࡣ 2 ᆅⅬ࡛ྠࡌࢿࢵ
ࢺ࣮࣡ࢡࢺࣛࣄࢵࢡࢆほ ࡋࡓ⤖ᯝࢆ⤫ィⓗศᯒࡍࡿࡇ࡜࡛ィ ᆅⅬ㛫ࡢࣃࢣࢵࢺࣟࢫࢆ
᥎ᐃࡍࡿ᪉ἲ[203]ࡸ TCPࡢ㔜」 ACK࡟╔┠ࡍࡿࡇ࡜࡛ 1ᆅⅬࡢほ ⤖ᯝ࠿ࡽ TCPࣇࣟ
࣮ࡢ End-to-End ࣃࢣࢵࢺࣟࢫࢆ᥎ᐃࡍࡿᡭἲࡀᥦ᱌ࡉࢀ࡚࠸ࡿ[204]㸬ィ ᆅⅬ㛫ࡢࣃࢣ
ࢵࢺࣟࢫࢆ᥎ᐃࡍࡿ᪉ἲ࡛ࡣ㸪ィ ྍ⬟࡞ 2 Ⅼ㛫ࡢရ㉁ࢆ᥎ᐃࡍࡿ㸬ࡇࡢࡓࡵィ ⪅ࡀ⟶
⌮ࡋ࡚࠸ࡿࢿࢵࢺ࣮࣡ࢡ௨እ࡛ࡢရ㉁ࡸ࣮ࣘࢨࡀయឤࡋ࡚࠸ࡿရ㉁(End-to-End ရ㉁)ࢆ᥎
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ᐃࡍࡿࡇ࡜ࡣฟ᮶࡞࠸࡜࠸࠺ၥ㢟ࡀ࠶ࡗࡓ㸬୍᪉㸪End-to-Endࡢࣃࢣࢵࢺࣟࢫࢆ᥎ᐃࡍࡿ
ᡭἲ࡛ࡣࣃࢣࢵࢺࢧࣥࣉࣜࣥࢢࡢほ ⤖ᯝ࡛ᚓࡓ㔜」 ACK ࡢᩘ࠿ࡽᮏ᮶Ⓨ⏕ࡋࡓ㔜」
ACKࡢᩘࢆ᥎ᐃࡍࡿࡇ࡜࡛ࣃࢣࢵࢺࣟࢫࢆ᥎ᐃࡍࡿ㸬ࡋ࠿ࡋィ ࣟࢢ࠿ࡽ㏫᪉ྥ㸦ཷಙഃ
࠿ࡽ㏦ಙഃ㸧ࡢ ACKࣃࢣࢵࢺࢆほ ࡋ࡚ࣇ࣮ࣟရ㉁ࢆ᥎ᐃࡍࡿࡇ࡜ࡣ࡛ࡁࡿࡀ㸪㡰᪉ 㸦ྥ㏦
ಙഃ࠿ࡽཷಙഃ㸧ࡢ DATAࣃࢣࢵࢺࢆほ ࡋ࡚ࣇ࣮ࣟရ㉁ࢆ᥎ᐃࡍࡿࡇ࡜ࡣ࡛ࡁ࡞࠿ࡗࡓ㸬
ࡇࡢ⤖ᯝ㸪ィ ࣟࢢ࡟ྵࡲࢀࡿ TCPࣇ࣮ࣟࡢ༙ศࡋ࠿ࣇ࣮ࣟရ㉁ࢆィ ࡍࡿࡇ࡜ࡀฟ᮶࡞
࠸࡜࠸࠺ၥ㢟ࡀ࠶ࡗࡓ㸬 
ࡇࡢၥ㢟ࢆゎỴࡍࡿࡓࡵᮏ◊✲࡛ࡣࣃࢣࢵࢺࢧࣥࣉࣜࣥࢢࢆ⾜ࡗࡓሙྜ࡟㸪㡰᪉ྥࡢ 1
ᆅⅬࡢほ ࡛㡰᪉ྥࡢࣇ࣮ࣟရ㉁ࢆィ ࡍࡿᡭἲࢆᥦ᱌ࡍࡿ㸬㡰᪉ྥࡢࣃࢣࢵࢺࢆほ ࡍ
ࡿሙྜ࡟ࡣ㔜」 ACKࡢ௦ࢃࡾ࡟ࢩ࣮ࢣࣥࢫ␒ྕࡢ㏫㌿⌧㇟ࡢᩘ࡟╔┠ࡍࡿ㸬ࡇࡢᩘ࡟ᑐࡋ
࡚⤫ィฎ⌮ࢆ⾜࠺ࡇ࡜࡛㸪ࣃࢣࢵࢺࢧࣥࣉࣜࣥࢢࡢほ ⤖ᯝ࡛ᚓࡓ㏫㌿⌧㇟ࡢᩘ࠿ࡽᮏ᮶
Ⓨ⏕ࡋࡓ㏫㌿⌧㇟ࡢᩘࢆ᥎ ࡋ㸪End-to-Endࣃࢣࢵࢺࣟࢫ⋡ࢆ᥎ᐃࡍࡿ㸬 
௨ୗ㸪3.2 ⠇࡛ࡣᚑ᮶◊✲࡟ࡘ࠸࡚⤂௓ࡋ㸪3.3 ⠇࡛ࡣࢩ࣮ࢣࣥࢫ␒ྕࡢ㏫㌿⌧㇟࠿ࡽࣃ
ࢣࢵࢺࣟࢫࢆ᥎ᐃࡍࡿᡭἲࢆᥦ᱌ࡍࡿ㸬3.4⠇࡛ࡣᥦ᱌ᡭἲࡢຠᯝࢆࢩ࣑࣮ࣗࣞࢩ࡛ࣙࣥ♧
ࡍ㸬ࡑࡋ࡚ 3.5⠇࡛ࣇ࣮ࣟရ㉁ィ ᡭἲ࡟ࡘ࠸࡚⪃ᐹ㸪3.6⠇࡛ᮏ❶ࢆࡲ࡜ࡵࡿ㸬 
 
3.2 㛵㐃◊✲ 
ᮏ⠇࡛ࡣᩥ⊩[204]ࡢTCPࣃࢣࢵࢺࣟࢫ᥎ᐃᡭἲ࡟ࡘ࠸࡚⤂௓ࡍࡿ㸬ࡇࡢᡭἲࡣ㔜」ACK
࡟╔┠ࡋ࡚㸪㏫᪉ྥࡢࣃࢣࢵࢺࢆほ ࡋ࡚㸪㡰᪉ྥࡢࣇ࣮ࣟရ㉁ࢆ᥎ᐃࡍࡿ㸬 
TCP ࣊ࢵࢲ࡟ࡣ㏦ಙഃ࠿ࡽཷಙഃ࡟㌿㏦ࡉࢀࡿࣃࢣࢵࢺ㡰ᗎࢆ♧ࡍࢩ࣮ࢣࣥࢫ␒ྕ(௨
ᚋ SN ࡜⾲グ)ࡀグ㍕ࡉࢀ࡚࠸ࡿ㸬ࡼࡗ࡚ࡇࡢ␒ྕࢆほ ࡍࢀࡤࣃࢣࢵࢺ࡟ᢤࡅࡀᏑᅾࡍࡿ
ࡇ࡜ࢆ᳨ฟ࡛ࡁࡿࡣࡎ࡛࠶ࡿ㸬ࡋ࠿ࡋ࡞ࡀࡽ୍⯡ⓗ࡞ࢧࣥࣉࣜࣥࢢ᪉ᘧ࡛ࡣ㸪ࣛࣥࢲ࣒࡟
ࣃࢣࢵࢺࢆࢧࣥࣉࣜࣥࢢࡍࡿࡓࡵ㸪௬࡟୍ࡘࡢࣃࢣࢵࢺ␒ྕࡢᢤࡅࡀほ ࡉࢀ࡚ࡶ㸪ࡑࢀ
ࡀࢧࣥࣉࣜࣥࢢ࡟ࡼࡿࡶࡢ࡞ࡢ࠿㸪ࣃࢣࢵࢺࣟࢫ࡟ࡼࡿࡶࡢ࠿ࢆ㆑ู࡛ࡁ࡞࠸㸬 
ᩥ⊩[204]࡛ࡣࡇࡢၥ㢟ࢆゎỴࡍࡿࡓࡵ࡟ཷಙഃ࠿ࡽ㏦ಙഃ࡟㏉㏦ࡉࢀࡿ ACK ࣃࢣࢵࢺ
࡟╔┠ࡋࡓᡭἲ࡛࠶ࡿ㸬ACKࣃࢣࢵࢺࡣࣃࢣࢵࢺࣟࢫࡀⓎ⏕ࡋ࡚࠸࡞࠸ሙྜ࡟ࡣ␒ྕࡀ༢
ㄪቑຍࡋ࡚࠸ࡃࡀ㸪ࣃࢣࢵࢺࣟࢫࡀᅗ 3-1ࡢࡼ࠺࡟Ⓨ⏕ࡋࡓሙྜࡣ෌㏦ࣃࢣࢵࢺ(ᅗ 3-1(b))
ࡀ㏦௜ࡉࢀࡿࡲ࡛ྠࡌ ACK␒ྕࡀ㐃⥆ࡍࡿ(ᅗ 3-1(a)㸪㔜」 ACK)㸬ࡇࡢ㔜」 ACKࡣ」ᩘ
ࣃࢣࢵࢺ࡛ᵓᡂࡉࢀࡿࡓࡵ㸪ࢧࣥࣉࣜࣥࢢᚋࡶほ ࡛ࡁࡿྍ⬟ᛶࡀ㧗࠸㸬 
 ࡋ࠿ࡋ」ᩘࡢࣃࢣࢵࢺ࡛ᵓᡂࡉࢀࡿ㔜」 ACK࡛࠶ࡗ࡚ࡶ㸪౫↛ࡑࡢ୍㒊ࡣࢧࣥࣉࣜࣥࢢ
ࡍࡿࡇ࡜࡟ࡼࡾほ ࡉࢀ࡞ࡃ࡞ࡗ࡚ࡋࡲ࠺㸬ࡇࡢࡓࡵⓎ⏕ࡋࡓ㔜」 ACKࡢᅇᩘࢆṇࡋࡃồ
ࡵࡿࡓࡵ࡟ࡣほ ್ࢆ⿵ṇࡍࡿᚲせࡀ࠶ࡿ㸬ࡇࡢ⿵ṇࡣ㔜」 ACKࡢᵓᡂࣃࢣࢵࢺᩘࡢศᕸ
(ᅗ 3-2)ࡢ௨ୗࡢᛶ㉁࡟╔┠ࡋ࡚⾜࠺㸬 
1. 㔜」 ACKࡢᵓᡂࣃࢣࢵࢺᩘࡣ࣏࢔ࢯࣥศᕸ࡟ᚑ࠺(ᅗ 3-2(a)) 
2. ࢧࣥࣉࣜࣥࢢࡍࡿࡇ࡜࡛ศᕸࡢᖹᆒࡀኚ໬ࡍࡿ(ᅗ 3-2(b))㸬ኚ໬ᚋࡢศᕸࡣᖹᆒ್
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ࡀᮏ᮶ࡢᖹᆒ್࡟ࢧࣥࣉࣜࣥࢢ☜⋡ಸࡉࢀࡓࡶࡢ࡜࡞ࡿ㸬 
3. ほ ྍ⬟㡿ᇦࡣ㔜」 ACKࡢᵓᡂࣃࢣࢵࢺᩘࡀ 2௨ୖࡢ㡿ᇦ࡛࠶ࡿ㸦ᅗ 3-2⥙᥃㡿
ᇦ㸧 
 ⿵ṇィ⟬ࡣ㸪STEP1㸸ほ ್࠿ࡽࢧࣥࣉࣜࣥࢢᚋࡢศᕸࢆ᥎ᐃ㸦ᅗ 3-2(b)㸧㸪STEP2㸸
ࡑࡢศᕸࢆࢧࣥࣉࣜࣥࢢ☜⋡࡛⿵ṇࡋ࡚ᮏ᮶ࡢศᕸ㸦ᅗ 3-2(a)㸧ࢆồࡵࡿ㸬ࡇࡢศᕸࡢᵓ
ᡂᩘࡀⓎ⏕ࡋࡓࣃࢣࢵࢺࣟࢫᩘ࡜࡞ࡿ㸬 
 
ᅗ 3-1 ࣃࢣࢵࢺࣟࢫⓎ⏕๓ᚋࡢ SN/ACK␒ྕࡢ㑄⛣ 
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ᅗ 3-2 㔜」 ACKࡢᵓᡂࣃࢣࢵࢺᩘศᕸ 
 
3.3 ࢩ࣮ࢣࣥࢫ␒ྕ㏫㌿᳨ฟᡭἲࡢᥦ᱌ 
ᮏ⠇࡛ࡣ㔜」ACKࡢ௦ࢃࡾ࡟ࢩ࣮ࢣࣥࢫ␒ྕࡢ㏫㌿⌧㇟ࡢᩘ࡟╔┠ࡋࡓ᪂ࡋ࠸ࣃࢣࢵࢺ
ࣟࢫ᥎ᐃᡭἲࢆᥦ᱌ࡍࡿ㸬ࡇࡢᡭἲ࡛ࡣ㡰᪉ྥࡢࣃࢣࢵࢺࢆほ ࡋ࡚㸪㡰᪉ྥࡢࣇ࣮ࣟရ
㉁ࢆィ ࡍࡿᡭἲ࡛࠶ࡿ㸬 
TCP࡛ࡣࣃࢣࢵࢺࣟࢫࡀⓎ⏕ࡍࡿ࡜㔜」ACK(ᅗ 3-1(a))ࡀⓎ⏕ࡍࡿ㸬㏦ಙഃࡣ㔜」ACK
ࢆㄆ㆑ࡍࡿ࡜ࣟࢫࡋࡓࣃࢣࢵࢺࢆ෌㏦ࡍࡿ(ᅗ 3-1(b))㸬㡰᪉ྥࣃࢣࢵࢺࢆほ ࡋࡓሙྜ࡟ࡣ
ࢩ࣮ࢣࣥࢫ␒ྕࡀ㡰ㄪ࡟኱ࡁࡃ࡞ࡗࡓᚋ(ᅗ 3-1(c))࡟෌㏦ࣃࢣࢵࢺ࡛␒ྕࡀ୍ᗘపࡃ࡞ࡿ
ࢩ࣮ࢣࣥࢫ␒ྕࡢ㏫㌿⌧㇟ࡀⓎ⏕ࡍࡿ㸬ࡇࡢࡓࡵ㏫㌿⌧㇟Ⓨ⏕ᩘ࡜ࣃࢣࢵࢺࣟࢫⓎ⏕ᩘࡀ
➼ࡋ࠸࡜௬ᐃࡋ㸪㏫㌿⌧㇟ᩘࢆ᥎ᐃࡍࡿࡇ࡜࡛ࣃࢣࢵࢺࣟࢫᩘࢆ᥎ᐃࡍࡿ㸬ࡇࡢ㏫㌿⌧㇟
ࡣ௬࡟෌㏦ࣃࢣࢵࢺࢆほ ࡛ࡁࡓ࡜ࡁࡣ㸪෌㏦ࣃࢣࢵࢺ௨๓࡟㏦௜ࡉࢀࡓ෌㏦ࣃࢣࢵࢺ࡜
ྠࡌ࠿ࡑࢀ௨ୖࡢࢩ࣮ࢣࣥࢫ␒ྕࢆᣢࡘࣃࢣࢵࢺ⩌ࡢࣃࢣࢵࢺࢆ୍ࡘ࡛ࡶほ ࡛ࡁࢀࡤࢩ
࣮ࢣࣥࢫ␒ྕࡢ㏫㌿ࡀⓎ⏕ࡋࡓ࡜ㄆ㆑࡛ࡁࡿ㸬ᅗ 3-1(c)ࡢࣃࢣࢵࢺࡣ」ᩘ࡛ᵓᡂࡉࢀࡿࡓ
ࡵࢧࣥࣉࣜࣥࢢᚋࡶほ ࡛ࡁࡿྍ⬟ᛶࡀ㧗࠸㸬 
ࡋ࠿ࡋᅗ 3-1(c)ࡢࣃࢣࢵࢺࡣ㔜」 ACK ࡜ྠᵝ࡟ࢧࣥࣉࣜࣥࢢ࡟ࡼࡗ୍࡚㒊ࡢほ ࡛ࡁ
࡞ࡃ࡞ࡗ࡚ࡋࡲ࠺㸬ࡲࡓᅗ 3-1(b)ࡢࣃࢣࢵࢺࢆほ ࡛ࡁ࡞࠸ሙྜ࡟ࡣ㏫㌿⌧㇟ࡀⓎ⏕ࡋࡓ
ࡇ࡜ࢆㄆ㆑࡛ࡁ࡞࠸㸬ࡇࢀࡽࡢせ⣲ࢆ⪃៖ࡋ࡚ほ ࡋࡓ㏫㌿⌧㇟ࡢᩘࢆ⿵ṇࡍࡿᚲせࡀ࠶
ࡿ㸬 
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ࡇࡇ࡛ࢩ࣮ࢣࣥࢫ␒ྕࡢ㏫㌿⌧㇟ࢆศᯒࡋ㸪ࢧࣥࣉࣜࣥࢢ࡛ほ ࡋࡓ㏫㌿⌧㇟ࡣᮏ᮶ࡢ
ఱ๭࡟┦ᙜࡍࡿ࠿ࢆ᫂ࡽ࠿࡟ࡍࡿ㸬 
ࣃࢣࢵࢺࣟࢫⓎ⏕᫬࡟ࡣ㔜」 ACK࡜ࢩ࣮ࢣࣥࢫ␒ྕࡢ㏫㌿⌧㇟ࡣࢭࢵࢺ࡛Ⓨ⏕ࡍࡿ㸬ࣃ
ࢣࢵࢺࢆࣟࢫⓎ⏕ᆅⅬࡼࡾ๓࡛ほ ࡋࡓሙྜ㸪㔜」ACKࡢ㔜」ᗘ(ᅗ 3-1(a)ࡢࣃࢣࢵࢺᩘ㸪
ྠࡌ ACK ␒ྕࡀ㐃⥆ࡋࡓᩘ)࡜ࢩ࣮ࢣࣥࢫ␒ྕࡢ㏫㌿ᗘࡣ୍⮴ࡋ࡚࠸ࡿ㸬ࡇࡇ࡛㏫㌿ᗘࢆ
ࢧࣥࣉࣜࣥࢢ☜⋡ s࡛ࣃࢣࢵࢺࢆほ ࡋࡓ㝿ࡢ͆ ෌㏦ࣃࢣࢵࢺ࡜ྠࡌ࠿ࡑࢀ௨ୖࡢࢩ࣮ࢣࣥ
ࢫ␒ྕࢆᣢࡘࣃࢣࢵࢺࡢᩘ(ᅗ 3-1(c)ࡢࣃࢣࢵࢺᩘ)͇࡜ᐃ⩏ࡍࡿ㸬ࡇࡢࡓࡵ㠀ࢧࣥࣉࣜࣥࢢ
᫬࡟ࡣ㔜」 ACK ࡢ㔜」ᗘศᕸ(ᅗ 3-2(a))࡜ࢩ࣮ࢣࣥࢫ␒ྕࡢ㏫㌿ᗘศᕸ(ᅗ 3-3(a))ࡣ୍⮴
ࡍࡿ㸬ࡇࡇ࡛ Psn(p㸪s㸪i)ࢆࣃࢣࢵࢺࣟࢫࡀⓎ⏕ࡋࡓ㝿࡟ࣃࢣࢵࢺࣟࢫ⋡ pࡢ⎔ቃࢆࢧࣥࣉ
ࣜࣥࢢ☜⋡ s ࡛ほ ࡋࡓ࡜ࡁࡢ㏫㌿ᗘ i ࡢ☜⋡ศᕸ(ࣃࢣࢵࢺࣟࢫࡀⓎ⏕ࡋࡓ㝿ࡢ᮲௳ࡢඖ
࡛ࡢ᮲௳௜ࡁ☜⋡㸪ࣃࢣࢵࢺࣟࢫ⋡ p ࡢ⎔ቃࢆࢧࣥࣉࣜࣥࢢ☜⋡ s ࡛ほ ࡋ᳨࡚ฟ࡛ࡁࡿ
㏫㌿ᗘ iࡢ㏫㌿⌧㇟ࡀ㏫㌿⌧㇟ࡢ⥲ᩘ࡟༨ࡵࡿ๭ྜ)㸪P(p㸪s㸪j)ࢆࣃࢣࢵࢺࣟࢫࡀⓎ⏕ࡋࡓ
㝿࡟ࣃࢣࢵࢺࣟࢫ⋡pࡢ⎔ቃࢆࢧࣥࣉࣜࣥࢢ☜⋡s࡛ほ ࡋࡓ࡜ࡁࡢ㔜」ᗘ jࡢ☜⋡ศᕸ(ࣃ
ࢣࢵࢺࣟࢫࡀⓎ⏕ࡋࡓ㝿ࡢ᮲௳ࡢඖ࡛ࡢ᮲௳௜ࡁ☜⋡㸪ࣃࢣࢵࢺࣟࢫ⋡ p ࡢ⎔ቃࢆࢧࣥࣉ
ࣜࣥࢢ☜⋡ s࡛ほ ࡋ᳨࡚ฟ࡛ࡁࡿ㔜」ᗘ jࡢ㔜」 ACKࡀ㔜」 ACKࡢ⥲ᩘ࡟༨ࡵࡿ๭ྜ)
࡜ࡍࡿ࡜(ᩘᘧ 3-1)ࡢ㛵ಀࡀᡂ❧ࡍࡿ㸬 
 
(ᩘᘧ 3-1) 
                         
 
ᅗ 3-3 ࢩ࣮ࢣࣥࢫ␒ྕࡢ㏫㌿ᗘศᕸ 
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ᅗ 3-4 ࢩ࣮ࢣࣥࢫ␒ྕࡢ㏫㌿ࡀㄆ㆑࡛ࡁ࡞࠸ࢣ࣮ࢫ 
 
ࣃࢣࢵࢺࢧࣥࣉࣜࣥࢢࢆ⾜ࡗࡓሙྜ㸪௬࡟෌㏦ࣃࢣࢵࢺ(ᅗ 3-1(b))ࡀ☜ᐇ࡟ほ ࡛ࡁࡿ࡜
ࡍࡿ࡜㸪ACKࡢ㔜」ᗘ࡜ࢩ࣮ࢣࣥࢫ␒ྕࡢ㏫㌿ᗘࡀ୍⮴ࡍࡿࡓࡵ㸪㏫㌿ᗘศᕸࡶᅗ 3-2(b)
ྠᵝ㸪ศᕸࡢᖹᆒ್ࡀᮏ᮶ࡢᖹᆒ್࡟ࢧࣥࣉࣜࣥࢢ☜⋡ಸࡉࢀࡓࡶࡢ࡜࡞ࡿ㸬ࡋ࠿ࡋ෌㏦
ࣃࢣࢵࢺࡣ☜⋡ s࡛ࡋ࠿ほ ࡛ࡁ࡞࠸ࡓࡵ㸪㏫㌿ᗘศᕸࡢ኱ࡁࡉࡣ㏫㌿ᗘ iࡀ 1௨ୖࡢ㡿ᇦ
࡛ࡣ㸪㔜」ᗘศᕸࡢ sಸ࡜࡞ࡾ㸦ᅗ 3-3㸪(ᩘᘧ 3-2㸧㸪㏫㌿ᗘ iࡀ 0ࡢ㡿ᇦ࡛ࡣ㔜」ᗘศᕸ
ࡢ sಸ࡟෌㏦ࣃࢣࢵࢺࡀほ ࡛ࡁ࡞࠸☜⋡ࢆຍ࠼ࡓ್࡜࡞ࡿ㸬 
 
(ᩘᘧ 3-2) 
 
ࡓࡔࡋ㏫㌿ᗘࡢᐃ⩏࡟ࡼࡾ㸪㏫㌿ᗘࡀ 0 ࡢሙྜ࡟ࡣࢩ࣮ࢣࣥࢫ␒ྕࡀ༢⣧ቑຍࡋ࡚࠸ࡿ
ࡼ࠺࡟ほ ࡍࡿࡇ࡜࡟࡞ࡾ(ᅗ 3-4(a))㸪㏫㌿ࢆㄆ㆑࡛ࡁ࡞࠸㸬㏫㌿ᗘࡀ 1௨ୖ࡛ࢩ࣮ࢣࣥࢫ
␒ྕࡢ㏫㌿ࢆㄆ㆑࡛ࡁࡿࡼ࠺࡟࡞ࡿ(ᅗ 3-4(b))㸬ࡇࡢࡓࡵࣃࢣࢵࢺࢧࣥࣉࣜࣥࢢࢆ⾜ࡗࡓ㝿
࡟㏫㌿⌧㇟ࢆほ ࡛ࡁࡿ☜⋡ Qsnࡣ(ᩘᘧ 3-3)࡜࡞ࡿ㸬 
 
             (ᩘᘧ 3-3) 
        
  Qsn(p㸪s)ࡣࣃࢣࢵࢺࣟࢫ⋡ p ࡢ⎔ቃࢆࢧࣥࣉࣜࣥࢢ☜⋡ s ࡛ほ ࡋࡓ࡜ࡁࡢ㏫㌿⌧㇟ࡢ
ほ ☜⋡࡛࠶ࡿ㸬ࡇࡇ࡛ P(p㸪s㸪i)ࡣ㔜」ᗘศᕸ࡛࠶ࡿ㸬㔜」ᗘศᕸࡣ TCPࡢ㍽㍵ไᚚ࢔
ࣝࢦࣜࢬ࣒࡟౫Ꮡࡍࡿࡓࡵ TCP ࡢ version ẖ࡟␗࡞ࡿ㸬୍౛࡜ࡋ࡚ TCP NewReno[186]
ࡢሙྜࡣᩥ⊩[204]࡛᫂ࡽ࠿࡟ࡉࢀ࡚࠾ࡾ P(p㸪s㸪0) ࡣ (ᩘᘧ 3-4)࡜࡞ࡿ㸬 
 
 (ᩘᘧ 3-4) 
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  (ᩘᘧ 3-3)࡟ࡼࡾ㏫㌿⌧㇟ࡢᩘ㸪ࡍ࡞ࢃࡕࣃࢣࢵࢺࣟࢫᩘࡀᑟฟ࡛ࡁࡿࡀ㸪(ᩘᘧ 3-3)
ࡢࣃ࣓ࣛࢱ࡜ࡋ࡚ࣃࢣࢵࢺࣟࢫ⋡ࡀᚲせ࡜࡞ࡿ㸬ࡋ࠿ࡋ࡞ࡀࡽ㐺ᙜ࡞ࣃࢣࢵࢺࣟࢫ⋡ p(>0)
ࢆ(ᩘᘧ 3-3)࡟௦ධࡋ࡚ࡶ㸪ᚓࡽࢀࡓ⤖ᯝࢆࣃࢣࢵࢺࣟࢫ⋡࡟ኚ᥮ࡋ࡚෌ᗘ(ᩘᘧ 3-3)࡟௦
ධࡍࡿ⾜Ⅽࢆ⧞ࡾ㏉ࡍ࡜┿ࡢࣃࢣࢵࢺࣟࢫ⋡࡟཰᮰ࡍࡿ㸬 
 ࣃࢣࢵࢺࢆࣟࢫⓎ⏕ᆅⅬࡼࡾᚋࢁ࡛ほ ࡋࡓሙྜ㸪ࣃࢣࢵࢺࢆࣟࢫⓎ⏕ᆅⅬࡼࡾ๓࡛ほ
 ࡋࡓሙྜࡼࡾࡶ s=1ࡢሙྜ࡛ 1ࣃࢣࢵࢺ(ࣟࢫࣃࢣࢵࢺ)ศ㸪㏫㌿ᗘࡀᑡ࡞ࡃぢ࠼ࡿ㸬ࡋ࠿
ࡋ࡞ࡀࡽࣃࢣࢵࢺࢧࣥࣉࣜࣥࢢࢆ⾜࠺ࡇ࡜࡛㸪ࡇࡢࡎࢀࡣᑠࡉࡃ࡞ࡾ㸪s=1/10 ࡛ࡣࣟࢫࣃ
ࢣࢵࢺศࡢࡎࢀࡣ᥎ᐃ⢭ᗘ࡟኱ࡁ࡞ᙳ㡪ࢆ୚࠼࡞࠸㸬(3.4.2 ࡢᅗ 3-6 ࡜ᅗ 3-7 ࡢẚ㍑⤖ᯝ
ཧ↷)  
ࢩ࣮ࢣࣥࢫ␒ྕࡢ㏫㌿⌧㇟ࡢᩘ࡟╔┠ࡋࡓ TCPࣃࢣࢵࢺࣟࢫ᥎ᐃᡭἲࡢලయⓗ࡞ᡭ㡰ࢆ
♧ࡍ㸬 
 
1. ほ ್࡜ࡋ࡚ᑐ㇟ TCP ࣇ࣮ࣟࡢࢩ࣮ࢣࣥࢫ␒ྕࡢ㏫㌿⌧㇟ࡢᩘ࡜㏻ಙ㔞ࢆィ 
ࡍࡿ㸬㏻ಙ㔞ࡣࢩ࣮ࢣࣥࢫ␒ྕࡢᕪศ࡞࡝࡛⡆༢࡟ྲྀᚓྍ⬟࡛࠶ࡿ㸬㏫㌿⌧㇟ࡢ
ᩘࢆ SN㸪㏻ಙ㔞ࢆ TH࡜ࡍࡿ㸬 
2. ึᮇタᐃ࡜ࡋ࡚ࣃࢣࢵࢺࣟࢫ⋡ p0(>0)ࢆỴࡵࡿ㸬 
3. ࢧࣥࣉࣜࣥࢢ☜⋡ s࡜ࣃࢣࢵࢺࣟࢫ⋡ piࢆ⏝࠸࡚ほ ☜⋡Qsn (pi㸪s)ࢆ⟬ฟࡍࡿ㸬 
4. (ᩘᘧ 3-5)ࡼࡾᮏ᮶ࡢࣃࢣࢵࢺࣟࢫᩘ xiࢆ᥎ᐃࡍࡿ㸬  
 
(ᩘᘧ 3-5)                                                     
5. (ᩘᘧ 3-6)ࡼࡾࣃࢣࢵࢺࣟࢫ⋡ࢆồࡵࡿ㸬 
 
  (ᩘᘧ 3-6) 
6. (ᩘᘧ 3-7)ࢆ‶ࡓࡍࡲ࡛ 3㹼5ࢆ⧞ࡾ㏉ࡍ㸬ࡇࡇ࡛ ࡣ㐺ᙜ࡞ᅛᐃ್࡜ࡍࡿ㸬 
 
(ᩘᘧ 3-7) 
 
 ࡞࠾ᮏ࢔ࣝࢦࣜࢬ࣒ࡣNew Reno௨እࡢ versionࡢ TCPࡢࣃࢣࢵࢺࣟࢫࢆ᥎ᐃࡍࡿࡇ࡜
ࡶྍ⬟࡛࠶ࡿ㸬ࡇࡢሙྜ࡟ࡣᑐᛂࡍࡿ TCP versionࡢ㔜」ᗘศᕸ P(p㸪s㸪0)ࢆ⏝࠸࡚(ᩘᘧ 
3-3)ࢆィ⟬ࡍࢀࡤࡼ࠸㸬ᮏ࢔ࣝࢦࣜࢬ࣒ࡣ཯᚟ィ⟬࡟ࡼࡾᩘ್ⓗ࡟ゎࢆᚓ࡚࠸ࡿࡓࡵ㸪㔜」
ᗘศᕸ P(p㸪s㸪0)ࡣᚲࡎࡋࡶゎᯒ⾲⌧ࢆᚲせ࡜ࡏࡎ㸪ᩘ್ⓗ࡟ィ⟬࡛ࡁࢀࡤⰋ࠸㸬 
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3.4 ࢩ࣑࣮ࣗࣞࢩࣙࣥホ౯ 
 
ᅗ 3-5 ࢿࢵࢺ࣮࣡ࢡࢺ࣏ࣟࢪ 
 
ᮏ⠇࡛ࡣ network simulator(ns-2)[188]ࢆ⏝࠸࡚ᥦ᱌ᡭἲ࡜㛵㐃◊✲ࢆホ౯ࡋࡓ㸬ᮏ⠇࡛
ࡑࡢ⤖ᯝࢆሗ࿌ࡍࡿ㸬ࡣࡌࡵ࡟ࢩ࣑࣮ࣗࣞࢩࣙࣥホ౯ࣔࢹࣝࢆ♧ࡍ㸬ᮏホ౯࡛ࡣ TCP 
NewReno ࢆ౑⏝ࡍࡿࡀ㸪3.5.3 㡯ࡢ㆟ㄽࡢࡼ࠺࡟௚ࡢ version ࡛ࡶྠᵝࡢ⤖ᯝࢆᚓࡿࡇ࡜
ࡀ࡛ࡁࡿ㸬 
 
3.4.1 ホ౯ࣔࢹࣝ 
A) ࢿࢵࢺ࣮࣡ࢡࢺ࣏ࣟࢪ 
ᅗ 3-5 ࡟ࢿࢵࢺ࣮࣡ࢡࢺ࣏ࣟࢪࢆ♧ࡍ㸬㏦ಙ➃ᮎ࡜ཷಙ➃ᮎࡢ㏻ಙ⤒㊰ୖ࡟ࣃࢣࢵࢺ
ࣟࢫⓎ⏕ᆅⅬࡀᏑᅾࡍࡿ㸬ࡇࡢᆅⅬ࡟ᑐࡋ࡚ィ ᆅⅬࡀ㏦ಙഃᐤࡾ࠿ཷಙഃᐤࡾ࠿ࡢ 2
Ⅼࡢྍ⬟ᛶࡀ࠶ࡾ㸪ࣃࢣࢵࢺࣟࢫࡀࢹ࣮ࢱഃ࠿ ACKഃ࠿ࡢྍ⬟ᛶࡀ࠶ࡿ㸬ࡇࢀࡽࢆ඲
࡚⥙⨶ࡍࡿࡓࡵ㸪ほ ᆅⅬ㸦1࡜ 2㸧࡜ࣃࢣࢵࢺࣟࢫᆅⅬ㸦A࡜ B㸧ࡀᏑᅾࡍࡿࣔࢹࣝ
ࢆ⪃࠼ࡿ㸬ᅗ 3-5࡛ࡣࢹ࣮ࢱ㌿㏦⤒㊰࡜ ACK㌿㏦⤒㊰ࡀྠ୍࡟࡞ࡗ࡚࠸ࡿࡀ㸪ྠ ୍࡛
ࡣ࡞࠸ሙྜ࡟ࡶ௨ୗࡢ㆟ㄽࡀྠ୍࡟㐺⏝࡛ࡁࡿ㸬 
B) ఏᦙ㐜ᘏఏ 
ᦙ㐜ᘏࡣィ ⢭ᗘ࡟ࡣ↓㛵ಀ࡛࠶ࡿࡓࡵ㸪End-to-Endࡢఏᦙ㐜ᘏࡣ 10ms࡜ࡋࡓ㸬ࡇ
ࡢ⤖ᯝ RTT(Round Trip Time)ࡣ⣙ 20ms࡜࡞ࡿ㸬ᖏᇦᖜࡣ㸪ᮏᥦ᱌ᡭἲ࡛ࡣ⢭ᗘ࡟ᙳ
㡪ࡀ࡞࠸ࡓࡵ㸪1Gbps࡜ࡋࡓ㸬 
C) タᐃࣃࢣࢵࢺࣟࢫ⋡࡜ࣃࢣࢵࢺࣟࢫᆅⅬ 
ࣃࢣࢵࢺࣟࢫ⋡ࡣ 0.1%࠿ࡽ 4.0%ࡢ⠊ᅖࢆタᐃࡍࡿ㸬ࣃࢣࢵࢺࣟࢫ⋡ࡀࡇࢀࡼࡾࡶ኱ࡁ
ࡃ࡞ࡿ࡜ TCPࡢࢫ࣮ࣝࣉࢵࢺࡀⴭࡋࡃపୗࡋ㸪ᐇ㝿ࡢ㏻ಙ࡟ࡣᨭ㞀ࢆ᮶ࡍ㸬ࡲࡓ㸪ࡇ
ࢀ௨ୖᑠࡉ࠸ࣃࢣࢵࢺࣟࢫ⋡࡛ࡶ㸪TCP ࢫ࣮ࣝࣉࢵࢺ࡟࡯࡜ࢇ࡝ᙳ㡪ࡀ࡞࠸ࡓࡵ㸪ࡇ
ࡢ⠊ᅖࡢࣟࢫ⋡࡛ࡢホ౯ࢆ⾜࠺㸬タᐃࡍࡿᆅⅬࡣᅗ 3-5ࡢࢿࢵࢺ࣮࣡ࢡࡢ A࡜ Bࡢ஧
࠿ᡤ࡛࠶ࡿ㸬 A ࡣࢹ࣮ࢱࣃࢣࢵࢺ࡟ᑐࡍࡿࣃࢣࢵࢺࣟࢫ࡛࠶ࡾ㸪B ࡣ ACK ࣃࢣࢵࢺ
࡟ᑐࡍࡿࣃࢣࢵࢺࣟࢫ࡛࠶ࡿ㸬ࣃࢣࢵࢺࣟࢫࡣ A࡜ Bࡣྠࡌ್࡜ࡋࡓ㸬 
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D) ほ ᆅⅬ 
ࣃࢣࢵࢺࡢほ ᆅⅬ࡜ࡋ࡚ᅗ 3-5 ࡢ 1 ࡜ 2 ࡢ஧࠿ᡤࢆタᐃࡋࡓ㸬1ࡣࣃࢣࢵࢺࣟࢫᆅ
Ⅼࡼࡾࡶ㏦ಙഃ࡛ほ ࡍࡿሙྜ㸪2ࡣࣃࢣࢵࢺࣟࢫᆅⅬࡼࡾࡶཷಙഃ࡛ほ ࡍࡿሙྜ࡛
࠶ࡿ㸬ࡇࢀ࡟ࡼࡾ End-to-Endࣃࢣࢵࢺࣟࢫࢆ᥎ᐃࡍࡿ㝿࡟ほ ᆅⅬ࡟ࡼࡾ኱ࡁ࡞ᙳ㡪
ࢆཷࡅࡿ࠿࡝࠺࠿ࢆホ౯ࡍࡿ㸬 
E) ࢧࣥࣉࣜࣥࢢ☜⋡ 
ࢧࣥࣉࣜࣥࢢ☜⋡ࡣほ ᆅⅬࢆ㏻㐣ࡍࡿࣃࢣࢵࢺࡢఱ%ࢆほ ᑐ㇟࡟ࡍࡿ࠿ࡢᣦᶆ࡛
࠶ࡿ㸬ᮏホ౯࡛ࡣ 1/1࠿ࡽ 1/10ࡲ࡛ࡢ 10✀㢮ࢆホ౯ࡍࡿ㸬ࣃࢣࢵࢺࢆྲྀᚓࡍࡿࣃࢱࣥ
࡜ࡋ࡚ࡣࣛࣥࢲ࣒ࢧࣥࣉࣜࣥࢢᡭἲࢆ᥇⏝ࡋࡓ㸬ࣛࣥࢲ࣒ࢧࣥࣉࣜࣥࢢࡣྛࣃࢣࢵࢺ
࡟ᑐࡋ࡚ 0㹼1ࡢ⠊ᅖࡢ஘ᩘࢆⓎ⏕ࡉࡏ㸪ࡑࡢ⤖ᯝ࡜ࢧࣥࣉࣜࣥࢢ☜⋡ࢆẚ㍑ࡋ㸪஘ᩘ
್ࡀࢧࣥࣉࣜࣥࢢ☜⋡ࡼࡾࡶᑠࡉ࠸ሙྜ࡟ࣃࢣࢵࢺࢆྲྀᚓࡍࡿ᪉ἲ࡛࠶ࡿ㸬 
 
3.4.2 ᥎ᐃ⢭ᗘẚ㍑ 
ᮏ㡯࡛ࡣ㛵㐃◊✲࡜ᥦ᱌ᡭἲࡢ୧ᡭἲ࡛ࣃࢣࢵࢺࣟࢫ⋡ࢆ᥎ᐃࡍࡿ㸬ࡑࡋ࡚᥎ᐃ⤖ᯝࡼ
ࡾ㸪ᥦ᱌ᡭἲࡀ㛵㐃◊✲࡜ྠ⛬ᗘࡢ᥎ᐃ⢭ᗘ࡛࠶ࡿࡇ࡜㸪End-to-Endࣃࢣࢵࢺࣟࢫࡢ᥎ᐃ
್ࡀほ ሙᡤ࡟౫ࡽ࡞࠸ࡇ࡜ࢆ♧ࡍ㸬 
ࢧࣥࣉࣜࣥࢢ☜⋡ࢆ s=1/10 ࡜タᐃࡋ㸪௨ୗࡢ(a)-(e)ࡢ᥎ᐃ⤖ᯝࢆホ౯ࡋࡓ㸬ほ ᆅⅬ 1
ࡢ᥎ᐃ⤖ᯝࢆᅗ 3-6㸪ほ ᆅⅬ 2 ࡢ᥎ᐃ⤖ᯝࢆᅗ 3-7 ࡟♧ࡍ㸬ඹ࡟ᶓ㍈ࡀᐇ㝿ࡢࣃࢣࢵࢺ
ࣟࢫ⋡㸪⦪㍈ࡀ᥎ᐃࣃࢣࢵࢺࣟࢫ⋡ࢆ♧ࡍ㸬 
(a) TRUE: ┿ࡢࣃࢣࢵࢺࣟࢫ⋡ 
(b)  Xsn/TH:ᥦ᱌ᡭἲ(㏫㌿⌧㇟ࢆほ ☜⋡࡛⿵ṇ) 
(c)  SN/TH:㏫㌿⌧㇟ࢆほ ☜⋡࡛⿵ṇࡋ࡞࠸ሙྜ 
(d) Xack/TH:㛵㐃◊✲(㔜」 ACKࢆほ ☜⋡࡛⿵ṇ) 
(e)  ACK/TH:㔜」 ACKࢆほ ☜⋡࡛⿵ṇࡋ࡞࠸ሙྜ 
 (c)ࡢ᥎ᐃ⤖ᯝࢆ☜ㄆࡍࡿ࡜(a)ࡢ⤖ᯝࡼࡾ 1/10 ࠿ࡽ 1/20 ⛬ᗘࡢᑠࡉ࡞್ࢆ♧ࡍ㸬ࡇࢀࡣ
ࢧࣥࣉࣜࣥࢢࢆ⾜࠺࡜ࢩ࣮ࢣࣥࢫ␒ྕࡢ㏫㌿⌧㇟ࡢከࡃࢆぢ㏨ࡋ࡚࠾ࡾ㸪ࢩ࣮ࢣࣥࢫ␒ྕ
ࡢ㏫㌿⌧㇟ࡢᩘࢆࡑࡢࡲࡲࣃࢣࢵࢺࣟࢫᩘ࡜ぢ೴ࡍࡇ࡜ࡀฟ᮶࡞࠸ࡇ࡜ࢆព࿡ࡍࡿ㸬 
 (b)ࡢ᥎ᐃ⤖ᯝࢆ☜ㄆࡍࡿ࡜ㄗᕪ 20%௨ෆ࡛(a)ࡢ⤖ᯝ࡟㏣ᚑࡋ࡚࠸ࡿ㸬(b)ࡣ(c)ࡢほ ್ࢆ
ほ ☜⋡࡛⿵ṇࡋࡓᡭἲ࡛࠶ࡿ㸬ࡇࡢࡓࡵᥦ᱌ᡭἲࡢほ ☜⋡ࡣࢧࣥࣉࣜࣥࢢࡢせ⣲ࢆ⪃
៖ࡋ࡚ࢩ࣮ࢣࣥࢫ␒ྕࡢ㏫㌿ᩘࢆṇࡋࡃ⿵ṇ࡛ࡁ࡚࠸ࡿࡇ࡜ࡀศ࠿ࡿ㸬 
 (d)ࡢ᥎ᐃ⤖ᯝࢆ☜ㄆࡍࡿ࡜ㄗᕪ 10%௨ෆ࡛(a)ࡢ⤖ᯝ࡟㏣ᚑࡋ࡚࠾ࡾ(b)ࡢ⤖ᯝ࡜࡯ࡰྠ
ࡌഴྥࢆ♧ࡍ㸬ࡼࡗ࡚ᮏィ ᮲௳࡛ࡢᥦ᱌ᡭἲࡢࣃࢣࢵࢺࣟࢫ᥎ᐃ⢭ᗘࡣ㸪㛵㐃◊✲ࡢࣃ
ࢣࢵࢺࣟࢫ᥎ᐃ⢭ᗘ࡜࡯ࡰྠࡌ࡛࠶ࡿ࡜࠸࠼ࡿ㸬 
 ḟ࡟ᅗ 3-6࡜ᅗ 3-7ࡢࣃࢣࢵࢺࣟࢫ᥎ᐃ⤖ᯝࢆẚ㍑ࡍࡿ㸬ほ ᆅⅬ 1ࡢ(d)(e)࡛ࡣ㸪ほ 
ᑐ㇟ࡢ ACKࣃࢣࢵࢺࡀ BᆅⅬ࡛ࣟࢫࡋ࡚࠸ࡿ㸬ྠᵝ࡟ほ ᆅⅬ 2ࡢ(b)(c)࡛ࡣほ ᑐ㇟ࡢ
ࢹ࣮ࢱࣃࢣࢵࢺࡀ AᆅⅬ࡛ࣟࢫࡋ࡚࠸ࡿ㸬ࡋ࠿ࡋ࡞ࡀࡽᅗ 3-6࡜ᅗ 3-7ࡢ᥎ᐃ⤖ᯝࡣඹ࡟
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ㄗᕪࡀ 20%௨ෆ࡟཰ࡲࡗ࡚࠾ࡾ኱ࡁࡃኚ໬ࡋ࡚࠸࡞࠸㸬ࡇࡢࡇ࡜࠿ࡽ㛵㐃◊✲࡜ᥦ᱌ᡭἲ
ࡣ㸪ほ ᆅⅬ࡜ࣃࢣࢵࢺࣟࢫⓎ⏕ᆅⅬࡢ఩⨨㛵ಀ࡟㛵ࢃࡽࡎ㸪End-to-Endࣃࢣࢵࢺࣟࢫ⋡
ࢆ᥎ᐃ࡛ࡁࡿࡇ࡜ࡀศ࠿ࡿ㸬 
 
ᅗ 3-6 ほ ᆅⅬ 1ࡢࣃࢣࢵࢺࣟࢫ⋡᥎ᐃ⤖ᯝ(s=1/10) 
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ᅗ 3-7 ほ ᆅⅬ 2ࡢࣃࢣࢵࢺࣟࢫ⋡᥎ᐃ⤖ᯝ(s=1/10) 
 
3.4.3 ᥦ᱌ᡭἲࡢࣃ࣓ࣛࢱ≉ᛶホ౯ 
ᮏ㡯࡛ࡣࣃࢣࢵࢺࣟࢫ⋡ࡸࢧࣥࣉࣜࣥࢢ☜⋡ࢆኚ໬ࡉࡏ࡚ᥦ᱌ᡭἲࡢࣃࢣࢵࢺࣟࢫ᥎ᐃ
⢭ᗘࢆホ౯ࡍࡿ㸬ホ౯⤖ᯝ࡟ࡼࡾᥦ᱌ᡭἲࡢ㐺⏝᮲௳ࢆ᫂ࡽ࠿࡟ࡍࡿ㸬  
 ࡣࡌࡵ࡟᥎ᐃ⢭ᗘࢆホ౯ࡍࡿᣦᶆ࡜ࡋ࡚(ᩘᘧ 3-8)ࡢ࢚࣮ࣛeࢆᐃ⩏ࡍࡿ㸬ࡇࡇ࡛ pࡣᐇ
㝿ࡢࣃࢣࢵࢺࣟࢫ⋡ Xࡣ᥎ᐃࣃࢣࢵࢺࣟࢫ⋡ࢆព࿡ࡍࡿ㸬 
(ᩘᘧ 3-8) 
 
 ᅗ 3-8 ࡣࢩ࣮ࢣࣥࢫ␒ྕࡢ㏫㌿ᩘࢆᇶ࡟☜⋡⿵ṇࢆ⾜ࢃࡎ࡟⟬ฟࡋࡓࣃࢣࢵࢺࣟࢫ⋡ࢆ
(ᩘᘧ 3-8)ࡢ X ࡟௦ධࡋࡓሙྜࡢ࢚࣮࡛ࣛ࠶ࡿ㸬s=1/2 ࡢሙྜ࡛ 0.5 ௨ୖ㸪s=1/5 ࡛ࡣ 0.8
௨ୖࡢ࢚࣮ࣛ࡜࡞ࡗ࡚࠸ࡿ㸬ࡇࡢ⤖ᯝࡼࡾࣃࢣࢵࢺࢧࣥࣉࣜࣥࢢࢆ⾜ࡗࡓሙྜ㸪ࢩ࣮ࢣࣥ
ࢫ␒ྕࡢ㏫㌿ᩘࢆ⿵ṇࡋ࡞࠸ሙྜࡣ࡝ࡢ᮲௳࡛ࡶᐇ㝿ࡢ್࡜኱ࡁࡃ஋㞳ࡋ࡚࠸ࡿ㸬 
 ୍᪉ᅗ 3-9 ࡣ㸪ᥦ᱌ᡭἲࢆ⏝࠸࡚ࢩ࣮ࢣࣥࢫ␒ྕࡢ㏫㌿ᩘࢆᇶ࡟☜⋡⿵ṇࢆ⾜ࡗ࡚⟬ฟ
ࡋࡓࣃࢣࢵࢺࣟࢫ⋡ࢆ㸪(ᩘᘧ 3-8)ࡢ X࡟௦ධࡋࡓሙྜࡢ࢚࣮࡛ࣛ࠶ࡿ㸬ࢧࣥࣉࣜࣥࢢ☜⋡
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ࡀపࡃ࡞ࡿ࡟ࡘࢀ㸪࢚࣮ࣛࡀᚎࠎ࡟኱ࡁࡃ࡞ࡿࡀ㸪s=1/10 ࡛ࡶ 0.3 ௨ୗ࡛࠶ࡿ㸬ࡇࡢ⤖ᯝ
ࡼࡾ㸪ᵝࠎ࡞ࣃࢣࢵࢺࣟࢫ⋡ࡸࢧࣥࣉࣜࣥࢢ☜⋡࡛ࡶᥦ᱌ᡭἲࡢ☜⋡⿵ṇ࡟ࡼࡾ࢚࣮ࣛࢆ
኱ࡁࡃῶᑡ࡛ࡁࡿࡇ࡜ࡀศ࠿ࡿ㸬௬࡟ 0.2௨ୗࡢ࢚࣮ࣛࢆチᐜࡍࡿሙྜ࡟ࡣ s=1/6ࡲ࡛㸪0.3
௨ୗࡢ࢚࣮ࣛࢆチᐜࡍࡿሙྜ࡟ࡣ s=1/10ࡲ࡛ࡢࢧࣥࣉࣜࣥࢢ☜⋡ࢆ㑅ᢥ࡛ࡁࡿ㸬 
 
 
ᅗ 3-8 ほ ☜⋡ Qsn࡛⿵ṇࡋ࡞࠸ሙྜࡢ᥎ᐃ⢭ᗘ 
 
 
ᅗ 3-9 ほ ☜⋡ Qsn࡛⿵ṇࡋࡓሙྜࡢ᥎ᐃ⢭ᗘ 
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3.4.4 ィ⟬ࢥࢫࢺホ౯ 
ᮏ㡯࡛ࡣࣃࢣࢵࢺࣟࢫ⋡ࡸࢧࣥࣉࣜࣥࢢ☜⋡ࢆኚ໬ࡉࡏ࡚ᥦ᱌ᡭἲࡢ཯᚟ィ⟬࡟࠿࠿ࡿ
ࢥࢫࢺࢆホ౯ࡍࡿ㸬ホ౯⤖ᯝ࡟ࡼࡾ᥎ᐃࣃࢣࢵࢺࣟࢫ⋡ࡣึᮇࣃࢣࢵࢺࣟࢫ⋡ p0(>0)࡟㛵
ࢃࡽࡎྠࡌ್࡟཰᮰ࡍࡿࡇ࡜㸪཯᚟ィ⟬ᅇᩘࡣ㧗ࠎᩘᅇ⛬ᗘ࡛࠶ࡾィ⟬㈨※࡬ࡢᙳ㡪ࡀᑡ
࡞࠸ࡇ࡜ࢆ♧ࡍ㸬 
ึᮇࣃࢣࢵࢺࣟࢫ⋡ p0ࡀ᥎ᐃ⤖ᯝ࡟୚࠼ࡿᙳ㡪ࢆホ౯ࡍࡿࡓࡵ㸪」ᩘࡢ p0࡟ࡼࡿ᥎ᐃ⤖
ᯝࢆẚ㍑ࡍࡿ㸬ᅗ 3-10࡟ࣃࢣࢵࢺࣟࢫ⋡ 1%ࡢ⎔ቃࢆࢧࣥࣉࣜࣥࢢ☜⋡ s=1/10࡛ほ ᚋ㸪
4 ✀㢮ࡢ p0ࢆ⏝࠸࡚ࣃࢣࢵࢺࣟࢫ⋡ࢆ᥎ᐃࡋࡓ཯᚟㐣⛬ࢆ♧ࡍ㸬ᅗ 3-10 ࡛ࡣ p0ࢆ 0.1㹼
0.0001ࡲ࡛ᗈ⠊ᅖ࡟ኚ໬ࡉࡏࡓࡀ㸪࡝ࡢึᮇ್ࢆ⏝࠸࡚ࡶᩘᅇࡢ཯᚟࡛ pi=0.012࡟཰᮰ࡍ
ࡿ㸬ࡇࡢ⤖ᯝ࠿ࡽ㐺ᙜ࡞ึᮇ್ p0ࢆ⏝࠸࡚ࡶ᥎ᐃ⤖ᯝ࡟ࡣᙳ㡪ࡋ࡞࠸࡜ゝ࠼ࡿ㸬 
ḟ࡟཯᚟ィ⟬ᅇᩘࡣࣃࢣࢵࢺࣟࢫ⋡ࡸࢧࣥࣉࣜࣥࢢ☜⋡࡟ࡼࡾ࡝ࡢࡼ࠺࡟ኚ໬ࡍࡿ࠿ࢆ
ホ౯ࡍࡿ㸬ᅗ 3-11 ࡟ࣃࢣࢵࢺࣟࢫ⋡㸪ࢧࣥࣉࣜࣥࢢ☜⋡ࢆኚ໬ࡉࡏࡓሙྜࡢ཯᚟ィ⟬
㸦STEP3㹼5㸧ࡢ཰᮰ࡲ࡛ࡢィ⟬ᅇᩘࢆ♧ࡍ㸬ࡇࡇ࡛ࡣ p0=SN/TH㸪᥎ᐃ࢔ࣝࢦࣜࢬ࣒ࡢ
STEP6ࡢ཰᮰᮲௳࡜ࡋ࡚Ș=0.1࡜タᐃࡋࡓ㸬ᅗ 3-11ࡼࡾࢧࣥࣉࣜࣥࢢ☜⋡ࡀపࡃ࡞ࡿ࡯
࡝㸪ࡲࡓࣃࢣࢵࢺࣟࢫ⋡ࡀ㧗ࡃ࡞ࡿ࡯࡝཯᚟ィ⟬ᅇᩘࡀከࡃ࡞ࡿ㸬ㄪᰝⅬࡢ 75%(=46/60)
௨ୖࡣ 2 ᅇ௨ୗࡢ཯᚟ィ⟬࡛཰᮰ࡋ㸪ከ࠸ሙྜ࡛ࡶ 4 ᅇࡢ཯᚟ィ⟬࡛཰᮰ࡍࡿ㸬Ᏻᐃືస
ࡋ࡚࠸ࡿࢿࢵࢺ࣮࣡ࢡ࡛ࡣ㏻ᖖࣃࢣࢵࢺࣟࢫ⋡ࡣపࡃᢚ࠼ࡽࢀ࡚࠸ࡿࡓࡵ㸪ᖹᖖ᫬࡛ 2 ᅇ
⛬ᗘ㸪ရ㉁ຎ໬᫬࡛ 3㸪4ᅇ⛬ᗘࡢ཯᚟ᅇᩘ࡜࡞ࡿ࡜ゝ࠼ࡿ㸬 
 
ᅗ 3-10 ึᮇ p0ࡢ㐪࠸࡟ࡼࡿ཯᚟㐣⛬(s=1/10㸪p=0.01) 
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ᅗ 3-11 ཰᮰ࡍࡿࡲ࡛ࡢ཯᚟ィ⟬ᅇᩘ 
 
 
ᅗ 3-12 ほ ☜⋡ Qsn࡜ Qackࡢẚ㍑(s=1/4㸪 1/10) 
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3.5 ⪃ᐹ 
3.5.1 㛵㐃◊✲࡜ᥦ᱌ᡭἲࡢẚ㍑ 
ᮏ㡯࡛ࡣᥦ᱌ᡭἲ࡜㛵㐃◊✲࡟ࡘ࠸࡚㆟ㄽࡍࡿ㸬ほ ☜⋡ࡣ㧗࠸࡯࡝ࢧࣥࣉࣜࣥࢢ᫬ࡢ
㔜」 ACKࡸࢩ࣮ࢣࣥࢫ␒ྕࡢ㏫㌿ࡢ஦㇟ࢆከࡃほ ࡛ࡁࡿ㸬ほ ஦㇟ࡀከ࠸᪉ࡀ୍⯡ⓗ࡟
⤫ィฎ⌮ࡢ⢭ᗘࡀ㧗࠸㸬ᅗ 3-12࡟௨ୗࡢ(i)-(iv)ࡢほ ☜⋡ࢆ♧ࡍ㸬ࡇࡇ࡛㛵㐃◊✲ࡢほ 
☜⋡ࢆ Qack(p㸪s)࡜ࡍࡿ㸬Qack(p㸪s)ࡣᩥ⊩[204]ࡼࡾ(ᩘᘧ 3-9)ࢆ฼⏝ࡍࡿ㸬 
 
(ᩘᘧ 3-9) 
 
1 Qack(p㸪 0㸬1) 㸸㛵㐃◊✲ࡢ s=1/10ࡢほ ☜⋡ 
2 Qsn(p㸪 0㸬1)  㸸ᥦ᱌ᡭἲࡢ s=1/10ࡢほ ☜⋡ 
3 Qack(p㸪 0㸬25)㸸㛵㐃◊✲ࡢ s=1/4ࡢほ ☜⋡ 
4 Qsn(p㸪 0㸬25) 㸸ᥦ᱌ᡭἲࡢ s=1/4ࡢほ ☜⋡ 
 
 Qsn࡜ Qackࢆẚ㍑ࡍࡿ࡜ほ ☜⋡ࡣ p<0.1 ࡢ㡿ᇦ࡛ࡣ Qackࡢ᪉ࡀ㧗࠸㸬ࡇࡢࡓࡵᖹᖖ᫬
ࡸရ㉁ຎ໬ࡀᑠつᶍࡢሙྜࡣ㛵㐃◊✲ࡢ᪉ࡀ㧗⢭ᗘ࡟ࣃࢣࢵࢺࣟࢫ⋡ࢆ᥎ᐃ࡛ࡁࡿ㸬ရ㉁
ຎ໬ࡀ኱つᶍࡢሙྜ࡟୍㒊ࡢ᮲௳࡛ᥦ᱌ᡭἲࡢ᪉ࡀࣃࢣࢵࢺࣟࢫ⋡ࡢ᥎ᐃ⢭ᗘࡀ㧗ࡃ࡞ࡿ㸬 
ᥦ᱌ᡭἲ࡜㛵㐃◊✲ࡢ୧᪉࡛ࣃࢣࢵࢺࣟࢫ⋡ࡀప࠸᪉ࡢほ ☜⋡ࡀ㧗࠸㸬ྠᵝ࡟ࢧࣥࣉ
ࣜࣥࢢ☜⋡ࡀ㧗࠸᪉ࡢほ ☜⋡ࡀ㧗࠸㸬ࡇࢀࡼࡾ୧ᡭἲ࡜ࡶࡇࡢ㡿ᇦ࡛ࡢࣃࢣࢵࢺࣟࢫ⋡
᥎ᐃ⢭ᗘࡀⰋ࠸ࡇ࡜ࢆព࿡ࡍࡿ㸬 
 
3.5.2 㐺⏝㡿ᇦ࡟ࡘ࠸࡚ 
ࡣࡌࡵ࡟ᥦ᱌ᡭἲ࠾ࡼࡧ㛵㐃◊✲ࡢ㐺⏝㡿ᇦ࡟ࡘ࠸࡚㆟ㄽࡍࡿ㸬3.5.1ࡢほ ☜⋡ࡢẚ㍑
⤖ᯝ࡟ࡼࡾ㸪㛵㐃◊✲࡜ᥦ᱌ᡭἲࡢ୧᪉ࡢᡭἲࡀ᥇⏝࡛ࡁࡿሙྜ㸪ከࡃࡢほ ᮲௳࡛
Qack>Qsn ࡜࡞ࡿࡓࡵ㸪㛵㐃◊✲ࡢᡭἲࢆ᥇⏝ࡍࡿ᪉ࡀ㧗⢭ᗘࡢ᥎ᐃࡀྍ⬟࡜࡞ࡿ㸬୍᪉㸪
 ᚟ࡢ㏻ಙ⤒㊰ࡀ␗࡞ࡿሙྜ㸪㛵㐃◊✲࡛ࡣほ ᆅⅬࢆ㏻㐣ࡍࡿࣇ࣮ࣟရ㉁ࢆィ ࡍࡿࡇ
࡜ࡀ࡛ࡁ࡞࠸ࡀ㸪ᥦ᱌ᡭἲ࡛ࡣほ ᆅⅬࢆ㏻㐣ࡍࡿࣇ࣮ࣟရ㉁ࢆ┤᥋ィ ࡋ࡚࠸ࡿࡓࡵ㸪
ᥦ᱌ᡭἲࡋ࠿㐺⏝ࡍࡿࡇ࡜ࡣ࡛ࡁ࡞࠸㸬ࡲࡓᥦ᱌ᡭἲ࡜㛵㐃◊✲ࢆྠ᫬࡟㐺⏝ࡍࡿሙྜ㸪
ほ ᆅⅬࡢ∦᪉ྥࣃࢣࢵࢺࢆほ ࡍࡿࡔࡅ࡛཮᪉ྥࡢࣇ࣮ࣟရ㉁ࢆィ ྍ⬟㸦㡰᪉ྥရ㉁
ࢆᥦ᱌ᡭἲ࡛㸪㏫᪉ྥရ㉁ࢆ㛵㐃◊✲࡛᥎ᐃࡍࡿ㸧࡜࡞ࡿ㸬࡝ࡕࡽ࠿୍᪉ࡢ᥎ᐃᡭἲࡔࡅ
࡛཮᪉ྥࡢࣇ࣮ࣟရ㉁ࢆィ ࡍࡿࡓࡵ࡟ࡣ཮᪉ྥࣃࢣࢵࢺࢆほ ࡍࡿᚲせࡀ࠶ࡿ㸬ࡇࡢࡓ
ࡵ୧ᡭἲࢆྠ᫬࡟౑⏝ࡍࡿࡇ࡜࡛ࢧࣥࣉࣜࣥࢢ☜⋡ࡀᐇ㉁༙ศ࡟࡞ࡿ࡜࠸࠺ຠᯝࡶᮇᚅ࡛
ࡁࡿ㸬 
ḟ࡟ᥦ᱌ᡭἲ࠾ࡼࡧ㛵㐃◊✲࡛᥎ᐃࡋࡓࣇ࣮ࣟရ㉁⤖ᯝࡢ฼⏝᪉ἲ࡟ࡘ࠸࡚㆟ㄽࡍࡿ㸬
୧ᡭἲඹ࡟ࣃࢣࢵࢺࢧࣥࣉࣜࣥࢢࢆ⾜࠺ࡇ࡜࡛ほ ᆅⅬࢆ㏻㐣ࡍࡿ኱㔞ࡢ End-to-End ࣇ
)
3
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࣮ࣟရ㉁ࢆ㧗㏿࡟ィ ࡛ࡁࡿ㸬኱㔞ࡢ End-to-Endࣇ࣮ࣟရ㉁࡜ࢿࢵࢺ࣮࣡ࢡࡢ࣮ࣝࢸ࢕ࣥ
ࢢ᝟ሗ/ࢺ࣏ࣟࢪ᝟ሗ࡜ྜࢃࡏࡿ࡜㸪ࢿࢵࢺ࣮࣡ࢡࢺࣔࢢࣛࣇ࢕ᢏ⾡[190-192]ࢆ㐺⏝ࡍࡿࡇ
࡜࡛㸪ࢿࢵࢺ࣮࣡ࢡෆࡢရ㉁ຎ໬⟠ᡤࢆ᥎ᐃ࡛ࡁࡿ㸬ࡇࡢᢏ⾡࡛ࡣ␗࡞ࡿ⤒㊰ࢆᣢࡘࣇࣟ
࣮ရ㉁ࡢᩘ࡟ᛂࡌ࡚ရ㉁ຎ໬⟠ᡤࡢ᥎ᐃ⢭ᗘࡀྥୖࡍࡿ㸬ࡉࡽ࡟฼⏝ࡍࡿࣇ࣮ࣟရ㉁ࡣရ
㉁ࡢⰋ࠸ᝏ࠸⛬ᗘࡢ⢏ᗘ࡛Ⰻ࠸㸬ࡇࡢࡓࡵ᥎ᐃㄗᕪࡣ⏕ࡌࡿࡀ୍࠿ᡤࡢほ ᆅⅬ࡛␗࡞ࡿ
⤒㊰ࡢࣇ࣮ࣟရ㉁ࢆ኱㔞࡟཰㞟࡛ࡁࡿᥦ᱌ᡭἲ࠾ࡼࡧ㛵㐃◊✲࡜⤌ࡳྜࢃࡏࡿࡇ࡜࡛ຠᯝ
ⓗ࡞ࢿࢵࢺ࣮࣡ࢡ⟶⌮ࢆᐇ⌧࡛ࡁࡿ㸬 
᭱ᚋ࡟ᥦ᱌ᡭἲ࠾ࡼࡧ㛵㐃◊✲࡛㐺⏝ྍ⬟࡞ࢧࣥࣉࣜࣥࢢ☜⋡࡟ࡘ࠸࡚㆟ㄽࡍࡿ㸬࣮ࣝ
ࢱ➼࡟ഛࢃࡗ࡚࠸ࡿ sFlow/NetFlow ➼ࡢ୍⯡ⓗ࡞ࢧࣥࣉࣜࣥࢢᛶ⬟ࡣ s=1/100 ࠿ࡽ
1/10000 ࡛࠶ࡿࡇ࡜ࡀከ࠸㸬ᥦ᱌ᡭἲ࠾ࡼࡧ㛵㐃◊✲ࡀ㐺⏝ྍ⬟࡞ࢧࣥࣉࣜࣥࢢ☜⋡ࡣ
s=1/10㏆㎶࡛࠶ࡾ㸪ࡑࡢࡲࡲ㐺⏝ࡍࡿࡇ࡜ࡣ㞴ࡋ࠸㸬ࡋ࠿ࡋ࡞ࡀࡽ㸪ACL࣮࣋ࢫࢧࣥࣉࣜ
ࣥࢢ➼ࡢ≉ᐃࣇ࣮ࣟࡢࡳ㧗☜⋡࡛ࢧࣥࣉࣜࣥࢢࡍࡿ࣮ࣝࢱ➼࡛ᥦ᱌ᡭἲࢆᐇ᪋ࡍࡿࡇ࡜࡛㸪
ᢳฟࡍࡿ≉ᐃࣇ࣮ࣟࡢࢧࣥࣉࣜࣥࢢ☜⋡ࢆ s=1 ࡜ࡍࡿࡇ࡜࡞ࡃࣃࢣࢵࢺࣟࢫ⋡ࢆィ ࡍࡿ
ࡇ࡜ࡀ࡛ࡁࡿ㸬ࡇࡢ⤖ᯝ㸪ᢳฟࡍࡿ≉ᐃࡍࡿࣇ࣮ࣟᩘࡀቑຍࡋࡓࡾ㸪࣮ࣝࢱࡢ㈇Ⲵࡀపୗ
ࡋࡓࡾࡍࡿ➼ࡢຠᯝࡀᮇᚅ࡛ࡁ㸪ᥦ᱌ᡭἲ࠾ࡼࡧ㛵㐃◊✲ࡀ᭷ຠ࡟ᶵ⬟ࡍࡿ㸬 
 
3.5.3 」ᩘ TCP versionࡢΰᅾ⎔ቃ࡟ࡘ࠸࡚ 
ᮏ㡯࡛ࡣ」ᩘ TCP versionΰᅾ⎔ቃࡢᥦ᱌ᡭἲࡢ㐺⏝᪉ἲࢆ㆟ㄽࡍࡿ㸬TCPࡣ⌧ᅾࡶ㐍
໬ࢆ⥆ࡅ࡚࠾ࡾ㸪⌧ᅾࡢࢿࢵࢺ࣮࣡ࢡ࡟࠾࠸࡚ࡶᵝࠎ࡞ versionࡢ TCPࡀᏑᅾࡋ㸪ࡉࡽ࡟
᪂ࡋ࠸ TCPࣂ࣮ࢪࣙࣥࡶ◊✲࡛ࣞ࣋ࣝከᩘᥦ᱌ࡉࢀ࡚࠸ࡿࡓࡵ㸪ΰᅾ⎔ቃ࡛ࡢᮏᥦ᱌᪉ᘧ
ࡢጇᙜᛶ᳨ドࡀᚲせ࡛࠶ࡿ㸬TCP ࣂ࣮ࢪࣙࣥ࡜ࡋ࡚㸪Windows XP/2000/98 ࡸ Linux 
kernel2㸬4➼࡛ࡣReno/NewReno[186]㸪Windows Vista࡛ࡣCompound TCP[205]㸪 Linux 
kernel2㸬6 ௨㝆࡛ࡣ CUBIC[206]ࡀ౑⏝ࡉࢀ࡚࠸ࡿ㸬ࡑࡢ௚࡟ࡶከᩘࡢ㍽㍵ไᚚ࢔ࣝࢦࣜ
ࢬ࣒㸪౛࠼ࡤ[207-209]ࡀ▱ࡽࢀ࡚࠸ࡿ㸬  
ࡣࡌࡵ࡟㸪 ᥦ᱌ᡭἲࢆಶࠎࡢ TCP version࡬㐺⏝ࡍࡿ᪉ἲ࡟ࡘ࠸࡚㆟ㄽࡍࡿ㸬ᥦ᱌ᡭἲ
ࡢ(ᩘᘧ 3-1)࠿ࡽ(ᩘᘧ 3-3)ࡣࢩ࣮ࢣࣥࢫ␒ྕࡢ㏫㌿⌧㇟ࡀほ ࡛ࡁࡿ᮲௳࠿ࡽᑟฟࡋ࡚࠾
ࡾ㸪TCPࡢ version࡟౫Ꮡࡋ࡞࠸㸬୍᪉㸪(ᩘᘧ 3-4)ࡢ㏫㌿ᗘࡢ☜⋡ศᕸ Psn(p㸪s㸪i)ࡣࣃ
ࢣࢵࢺࣟࢫࡀⓎ⏕ࡋࡓ▐㛫ࡢ㍽㍵࢘࢕ࣥࢻ࢘ࢧ࢖ࢬ࡛࠶ࡿࡓࡵ TCP version ࡟౫Ꮡࡍࡿ㸬
ࡇࡢࡓࡵ TCP versionẖ࡟(ᩘᘧ 3-4)ࡢ㏫㌿ᗘࡢ☜⋡ศᕸ Psn(p㸪s㸪i)ࢆᑟฟࡋ㸪(ᩘᘧ 3-1)
࠿ࡽ(ᩘᘧ 3-3)࡟㐺⏝ࡍࢀࡤ㸪࡝ࡢ version ࡢ TCP ࡟ᑐࡋ࡚ࡶᥦ᱌ᡭἲࢆ㐺⏝࡛ࡁࡿ㸬ࡇ
ࡇ࡛ᥦ᱌ᡭἲࡣ཯᚟ィ⟬࡟ࡼࡾᩘ್ⓗ࡟ゎ࠸࡚࠸ࡿࡓࡵ㸪(ᩘᘧ 3-4)ࡢ㏫㌿ᗘࡢศᕸࡶᩘ್
ⓗ࡟ุ᫂ࡋ࡚࠸ࢀࡤゎࡃࡇ࡜ࡀ࡛ࡁ㸪ᚲࡎࡋࡶゎᯒ⾲⌧ࢆᚲせ࡜ࡋ࡞࠸㸬 
ḟ࡟」ᩘ TCP version ࡢΰᅾ⎔ቃ࡛ᥦ᱌ᡭἲࢆ㐺⏝ࡍࡿ᪉ἲ࡟ࡘ࠸࡚㆟ㄽࡍࡿ㸬஦๓࡟
ಶࠎࡢ versionࡢ㏫㌿ᗘࡢ☜⋡ศᕸ Psn(p㸪s㸪i)ࡣุ᫂ࡋ࡚࠸ࡿࡶࡢ࡜ࡍࡿ㸬ࡑࡢሙྜ࡛ࡶ㸪
TCP versionࡣࣃࢣࢵࢺ࣊ࢵࢲ࡟グ㍕ࡀ࡞࠸ࡓࡵ㸪」ᩘࡢ TCP versionࡢࣇ࣮ࣟࡀΰᅾࡋ
࡚࠸ࡿሙྜ࡟ࡣ㸪ほ ࡋࡓࣃࢣࢵࢺ࡟࡝ࡢ versionࡢᘧࢆ㐺⏝ࡍࢀࡤࡼ࠸࠿㸪┤᥋ࡣุู࡛
 51 
 
ࡁ࡞࠸㸬 
ࡑࡇ࡛㸪ヨ⾜㘒ㄗⓗ࡟ versionࢆุูࡍࡿ࢔ࣝࢦࣜࢬ࣒ࢆᥦ᱌ࡍࡿ㸬࢔ࣝࢦࣜࢬ࣒ Step4
ࡢ(ᩘᘧ 3-5)࡟╔┠ࡍࡿ㸬ࡇࡢᘧࡣほ ࡋࡓ㏫㌿ᗘࡢᩘࢆࡑࡢ๭ྜ࡛㝖ࡍࡿࡇ࡜࡛ᮏ᮶ࡢᩘ
ࢆ᥎ᐃࡋ࡚࠸ࡿ㸬3.3❶ࡢ࢔ࣝࢦࣜࢬ࣒࡛ࡣほ ࡛ࡁࡿ㏫㌿ᗘࡀ᭱ࡶከࡃ࡞ࡿࡼ࠺࡟㸪㏫㌿
ᗘ 1௨ୖࡢ㏫㌿⌧㇟ࡢᩘࢆᩘ࠼㸪ࡑࡢ๭ྜࢆ♧ࡍ(ᩘᘧ 3-3)࡛㝖⟬ࡋ࡚࠸ࡿࡀ㸪㏫㌿ᗘ 2௨
ୖࡢ㏫㌿⌧㇟ࡢᩘࢆᩘ࠼㸪ࡑࡢ๭ྜࢆ♧ࡍ(ᩘᘧ 3-10)࡛㝖⟬ࡋ࡚ࡶࡼ࠸ࡣࡎ࡛࠶ࡿ㸬  
 
  (ᩘᘧ 3-10) 
         
ࡇࡇ࡛᝿ᐃࡋࡓ TCP version࡜ᐇ㝿ࡢ TCP versionࡀ୍⮴ࡋ࡚࠸ࡿ࡜ࡁࡢࡳ㸪(ᩘᘧ 3-3)
ࢆ౑ࡗࡓ⤖ᯝ࡜(ᩘᘧ 3-10)ࢆ౑ࡗࡓ⤖ᯝࡣ୍⮴ࡍࡿ㸬ࡇࡢࡓࡵ」ᩘ TCP versionࡢΰᅾ⎔
ቃ࡛ࡶḟࡢࡼ࠺࡞⮬ᕫࢳ࢙ࢵࢡࢆ⾜࠺ヨ⾜㘒ㄗ࢔ࣝࢦࣜࢬ࣒࡟ࡼࡾᥦ᱌ᡭἲࢆ⏝࠸࡚ࣃࢣ
ࢵࢺࣟࢫ⋡ࢆ᥎ᐃ࡛ࡁࡿ㸬 
 
1. ほ ್࡜ࡋ࡚ᑐ㇟ TCPࣇ࣮ࣟࡢࢩ࣮ࢣࣥࢫ␒ྕࡢ㏫㌿⌧㇟ࡢᩘ࡜㏻ಙ㔞ࢆィ
 ࡍࡿ㸬㏫㌿ᗘ 1௨ୖࡢ㏫㌿⌧㇟ࡢᩘࢆ SN1㸪㏫㌿ᗘ 2௨ୖࡢ㏫㌿⌧㇟ࡢᩘ
ࢆ SN2㸪㏻ಙ㔞ࢆ TH࡜ࡍࡿ㸬 
2. TCP versionࢆ㑅ᢥࡍࡿ㸬 
3. ࢧࣥࣉࣜࣥࢢ☜⋡ s㸪㏫㌿⌧㇟ࡢᩘ SN1㸪㏻ಙ㔞 TH ࠿ࡽ㸪㑅ᢥࡋࡓ TCP 
versionࡢ㏫㌿ᗘศᕸࢆ౑ࡗࡓ(ᩘᘧ 3-3)ࢆ⟬ฟࡋ㸪ࣃࢣࢵࢺࣟࢫ⋡ paࢆ᥎ᐃ
ࡍࡿ㸬 
4. ࢧࣥࣉࣜࣥࢢ☜⋡ s㸪㏫㌿⌧㇟ࡢᩘ SN2㸪㏻ಙ㔞 TH ࠿ࡽ㸪㑅ᢥࡋࡓ TCP 
version ࡢ㏫㌿ᗘศᕸࢆ౑ࡗࡓ(ᩘᘧ 3-10)ࢆ⟬ฟࡋ㸪ࣃࢣࢵࢺࣟࢫ⋡ pbࢆ᥎
ᐃࡍࡿ㸬 
5. ࣃࢣࢵࢺࣟࢫ⋡ pa࡜ࣃࢣࢵࢺࣟࢫ⋡ pbࢆẚ㍑㸬୧ࣃࢣࢵࢺࣟࢫ⋡ࡢᕪࢆ௒ᅇ
ィ⟬ࡋࡓ TCP versionࡢ᥎ᐃㄗᕪ࡜ࡍࡿ㸬 
6. ㏫㌿ᗘࡢ☜⋡ศᕸࡀุ᫂ࡋ࡚࠸ࡿ TCP version ࡢࣃࢣࢵࢺࣟࢫ᥎ᐃࡀࡍ࡭࡚
᏶஢ࡋ࡚࠸ࡿ࡜ Step7࡬⛣ື㸬ᮍ᏶஢ࡢሙྜ Step2࡟ᡠࡿ㸬 
7. ඲ TCP versionࡢ᥎ᐃㄗᕪࢆẚ㍑ࡍࡿ㸬᭱ࡶㄗᕪࡢᑡ࡞࠸ TCP versionࡢ᥎
ᐃ⤖ᯝࢆࣃࢣࢵࢺࣟࢫ⋡࡜ࡋ࡚᥇⏝ࡍࡿ㸬 
 
 
 
 
)}1,,()0,,(1{),( spPspPsspQsn  
 52 
 
3.6 ࠾ࢃࡾ࡟ 
ᮏ◊✲࡛ࡣ㸪ࣃࢣࢵࢺࢆࢧࣥࣉࣜࣥࢢ᥇ྲྀࡋ࡚ィ ࢆ⾜࠺ሙྜ࡟⢭ᗘⰋࡃࣃࢣࢵࢺࣟࢫ
ࢆ᥎ᐃࡍࡿࡇ࡜ࢆ┠ⓗ࡜ࡋ㸪ࢩ࣮ࢣࣥࢫ␒ྕࡢ㏫㌿⌧㇟ࡢᩘ࡟╔┠ࡋࡓ᪂ࡋ࠸ࣃࢣࢵࢺࣟ
ࢫ᥎ᐃᡭἲࢆᥦ᱌ࡋࡓ㸬ࡇࡢᡭἲ࡛ࡣ㡰᪉ྥࡢࣃࢣࢵࢺࢆほ ࡋ࡚㸪㡰᪉ྥࡢࣇ࣮ࣟရ㉁
ࢆィ ࡍࡿᡭἲ࡛࠶ࡿ㸬ࡑࡋ࡚ࢩ࣑࣮ࣗࣞࢩࣙࣥ࡟ࡼࡾ㸪ࢩ࣮ࢣࣥࢫ␒ྕࡢ㏫㌿⌧㇟ࡢᩘ
ࢆほ ☜⋡࡛⿵ṇࡍࡿࡇ࡜࡟ࡼࡾ㸪ᮏ᮶Ⓨ⏕ࡋࡓࣃࢣࢵࢺࣟࢫᩘࢆṇࡋࡃ᥎ᐃ࡛ࡁࡿࡇ࡜
ࢆ♧ࡋࡓ㸬 
ࢩ࣮ࢣࣥࢫ␒ྕࡢ㏫㌿࡟╔┠ࡋࡓᥦ᱌ᡭἲ࡜㔜」ACK࡟╔┠ࡋࡓ㛵㐃◊✲ࢆ⤌ࡳྜࢃࡏ
ࡿ࡜㸪ಶู࡟౑࠺ሙྜࡣィ ⤖ᯝࢆ⿵࠸ྜ࠸㸪ྠ᫬࡟౑࠺ሙྜࡣᅇ⥺ࡢ∦ഃࣃࢣࢵࢺࢆィ
 ࡍࡿࡔࡅ࡛཮᪉ྥࡢ㏻ಙရ㉁ࢆᢕᥱࡍࡿ㸪࡜࠸ࡗࡓ౑࠸ศࡅࡀ࡛ࡁࡿ㸬 
௒ᚋࡢㄢ㢟࡜ࡋ࡚ࡣရ㉁ຎ໬᫬࡟㎿㏿࡟ᑐฎࢆ⾜࠺ࡓࡵ࡟㸪ィ ⤖ᯝࢆࢿࢵࢺ࣮࣡ࢡࢺ
ࣔࢢࣛࣇ࢕࡞࡝ࡢศᯒᢏ⾡࡜㐃ᦠࡍࡿ᪉ἲࢆ᳨ウࡍࡿᚲせࡀ࠶ࡿ㸬 
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4. ࣈ࣮࣒ࣝࣇ࢕ࣝࢱ࡟ࡼࡿ㔜」 ACKࣃࢣࢵࢺࡢ㍍㔞ィ  
 
4.1 ࡣࡌࡵ࡟ 
㏆ᖺ㸪ࢿࢵࢺ࣮࣡ࢡࢆࣇ࣮ࣟ༢఩࡛┘どࡍࡿࣇ࣮ࣟィ ᢏ⾡ࡀὀ┠ࡉࢀ࡚࠸ࡿ㸬≉࡟ࣃ
ࢣࢵࢺࣟࢫࢆྵࡴࣇ࣮ࣟရ㉁ࢆィ ࡍࡿࡇ࡜ࡣ㸪࣮ࣘࢨࡢ QoSࢆ┤᥋ᢕᥱ࡛ࡁࡿࡇ࡜ࡸ㸪
ࢿࢵࢺ࣮࣡ࢡࢺࣔࢢࣛࣇ࢕ᢏ⾡࡞࡝[190-192]࡜⤌ࡳྜࢃࡏ࡚ࢿࢵࢺ࣮࣡ࢡࡢ㞀ᐖ⟠ᡤࢆᑡ
࡞࠸ࢥࢫࢺ࡛ᢕᥱࡍࡿࡇ࡜ࡀฟ᮶ࡿࡓࡵ᭷⏝࡛࠶ࡿ㸬୍᪉࡛ᚑ᮶ࡢ SNMP[189]ࡼࡾࡶฎ⌮
ෆᐜࡀቑ࠼ࡿࡓࡵ㸪኱つᶍ࣭㧗㏿ࢿࢵࢺ࣮࣡ࢡ࡛ࡣ౑⏝ࡍࡿ㈨※㔞ࡀၥ㢟࡜࡞ࡿ㸬ࣇ࣮ࣟ
ィ ࡢࡓࡵ࡟ 1 ࣃࢣࢵࢺ࡟ᑐࡋ࡚⾜ࡗ࡚࠸ࡿィ⟬⮬యࡣከࡃ࡞࠸ࡀ㸪㧗㏿ᅇ⥺࡛ࡣฎ⌮ࡍ
ࡿࣃࢣࢵࢺ㔞⮬యࡀከࡃ㸪㏻ᖖࡢ PC࡛ࡣࣃࢣࢵࢺࡢ࢟ࣕࣉࢳࣕ⮬య࡟ከࡃࡢ CPU౑⏝⋡
ࢆ౑⏝ࡍࡿ㸪ࡲࡓ㏻ᖖࡢ NIC࡛ࡣ࣡࢖࣮ࣖࣞࢺࡢ࢟ࣕࣉࢳࣕฎ⌮⮬యࡀฟ᮶࡞࠸ሙྜࡀከ
࠸[210]㸬ࡇࡇ࡛ࣇ࣮ࣟ࡜ࡣ㸪IP ࣊ࢵࢲࡢ࠺ࡕ㏦ಙඖ࣭ᐄඛࡢ IP ࢔ࢻࣞࢫ࡜㏦ಙඖ࣭ᐄඛ
࣏࣮ࢺ␒ྕ࡜ࣉࣟࢺࢥࣝ␒ྕࡀ➼ࡋ࠸ࣃࢣࢵࢺࡢ㞟ྜࡢࡇ࡜࡛࠶ࡿ㸬 
ࣇ࣮ࣟィ ᢏ⾡ࡢ௦⾲ⓗ࡞࢔ࣉ࣮ࣟࢳ࡜ࡋ࡚ 2 ࡘࡢ᪉ἲࡀ࠶ࡿ㸬ࡦ࡜ࡘࡣ㧗㏿ࢿࢵࢺ࣡
࣮ࢡ┘ど⏝࡟࢝ࢫࢱ࣐࢖ࢬࡉࢀࡓ≉ู࡞ࣁ࣮ࢻ࢙࢘࢔㸦ASICࡸ FPGA㸪ࢿࢵࢺ࣮࣡ࢡฎ⌮
ᑓ⏝ࡢ CPU ➼㸧ࢆ⏝࠸࡚ࣃࢣࢵࢺࢆྲྀᚓࡍࡿ᪉ἲ࡛࠶ࡿ[210㸪211]㸬ࡶ࠺ࡦ࡜ࡘࡣ
sFlow[176]ࡸNetFlow[193]㸪IPFIX[194]㸪PSAMP[195]࡞࡝ࡢࣃࢣࢵࢺࢧࣥࣉࣜࣥࢢᢏ⾡
ࢆ⏝࠸࡚㒊ศⓗ࡞᝟ሗ࠿ࡽ┘どࡍࡿ್ࢆ⤫ィⓗ࡟᥎ᐃࡍࡿᡭἲ࡛࠶ࡿ[177㸪182㸪196㸪
198-204㸪212㸪213]㸬 
㧗㏿ࢿࢵࢺ࣮࣡ࢡ┘ど⏝ࡢ⿦⨨࡛ࡣ㸪༢⣧࡟࢟ࣕࣉࢳࣕฎ⌮ࡢࡳ㧗㏿໬࡟ᑐᛂࡋ࡚࠸ࡿ
⿦⨨ࡀከࡃ[210㸪211]㸪ࡑࡢᚋࡢရ㉁ゎᯒࡣ୍⯡ࡢ PC࡛⾜ࡗ࡚࠸ࡿ㸬ࡓࡔࡋࣟࢢ࡟඲ࣃࢣ
ࢵࢺࡀグ㘓ࡉࢀ࡚࠸ࡿࡓࡵ㸪ရ㉁ゎᯒࢆ⾜࠺ PC࡟ࡣከࡃࡢィ⟬㈨※ࡀᚲせ࡜࡞ࡿ㸬  
୍᪉ࣃࢣࢵࢺࢧࣥࣉࣜࣥࢢᢏ⾡࡛ࡣ㸪sFlow࣭ NetFlowᶵᵓࡢࡼ࠺࡞ࢿࢵࢺ࣮࣡ࢡ⿦⨨㸦࢚
ࢡࢫ࣏࣮ࢱ㸧࡛ࣃࢣࢵࢺࢆྲྀᚓࡋ㸪ࡑࢀࢆࢥࣞࢡࢱ࡟㏦௜ࡍࡿ࢔࣮࢟ࢸࢡࢳࣕࡀ୍⯡ⓗ࡜
࡞ࡿ㸬ࡇࡇ࡛࢚ࢡࢫ࣏࣮ࢱࡣࣜ࢔ࣝࢱ࢖࣒࡟ࣃࢣࢵࢺẖࡢฎ⌮ࢆ⾜࠺ࡓࡵ㧗㏿ฎ⌮࡜࡞ࡿ
ࡀ㸪ࢥࣞࢡࢱ࡛ࡣ࢚ࢡࢫ࣏࣮ࢱ࡛㞟ィࡉࢀࡓ⤫ィ್ࡸࢧࣥࣉࣜࣥࢢࡉࢀࡓᚋࡢࣟࢢࢆ㠀ࣜ
࢔ࣝࢱ࢖࣒࡛ᢅ࠼ࡤⰋ࠸ࡓࡵ㸪࢚ࢡࢫ࣏࣮ࢱࡢᩘศࡢ୍ࡢฎ⌮ᛶ⬟࡛༑ศ࡜࡞ࡿ㸬ࡇࡢᙺ
๭ࡢᕪࢆ⪃៖ࡋ࡚࢚ࢡࢫ࣏࣮ࢱ࡜ࢥࣞࢡࢱ࡟ฎ⌮ࢆศ㓄ࡍࡿሙྜ㸪࢚ࢡࢫ࣏࣮ࢱ࡛ࡣࣜ࢔
ࣝࢱ࢖࣒ฎ⌮ࡀᚓព࡞ ASICࡸ FPGA࡟ࡼࡿ୪ิฎ⌮ࢆ⾜࠸㸪ࢫࢸ࣮ࢺࣞࢫฎ⌮ࢆ㧗㏿࡟
⾜࠸㸪ࢥࣞࢡࢱ࡛ࡣỗ⏝ࣉࣟࢭࢵࢧࢆ⏝࠸࡚ࢫࢸ࣮ࢺฎ⌮ࡸ⤫ィィ⟬➼ࢆྵࡴࡑࡢṧࡾࡢ
」㞧࡞ฎ⌮ࢆ⾜࠺࡜࠸࠺ᙺ๭ศᢸࢆ⾜࠺ࡇ࡜ࡀከ࠸[214-216]㸬 
ࡇࡢࣃࢣࢵࢺࢧࣥࣉࣜࣥࢢᢏ⾡ࢆ⏝࠸ࡓရ㉁ィ ᡭἲ࡛ TCPࣃࢣࢵࢺࣟࢫࢆ┤᥋ィ ࡍ
ࡿᡭἲ࡜ࡋ࡚[204㸪213]ࡀᏑᅾࡍࡿ㸬ࡇࡢᡭἲ࡛ࡣࢧࣥࣉࣜࣥࢢᚋ࡟ほ ࡉࢀࡿࣃࢣࢵࢺ
⩌࠿ࡽ㔜」 ACKࢆ࢝࢘ࣥࢺࡋ࡚㸪⤫ィⓗ࡞⿵ṇࢆ⾜ࡗ࡚ࣃࢣࢵࢺࣟࢫࢆ᥎ᐃࡍࡿᡭἲ࡛࠶
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ࡿ㸬ࡇࡢᡭἲ࡛ࡣ㔜」 ACK⌧㇟ࡢ࢝࢘ࣥࢺࡀࢫࢸ࣮ࢺฎ⌮࡜࡞ࡾ㸪࢚ࢡࢫ࣏࣮ࢱ࡛⾜࠺ࡇ
࡜ࡀ㞴ࡋࡃ㸪ࢥࣞࢡࢱ࡛ᐇ᪋ࡍࡿᚲせࡀ࠶ࡿ㸬 
ᮏㄽᩥ࡛ࡣ TCP ࣃࢣࢵࢺࣟࢫィ ᡭἲ[204]ࢆᣑᙇࡍࡿ㸬㔜」 ACK ⌧㇟ࡢ࢝࢘ࣥࢺࢆ㸪
ࣈ࣮࣒ࣝࣇ࢕ࣝࢱࢆ⏝࠸࡚ฎ⌮ࡢ୍㒊ࢆࢫࢸ࣮ࢺࣞࢫ໬ࡍࡿࡇ࡜࡛㸪࢚ࢡࢫ࣏࣮ࢱ࡛ࡢᐇ
᪋ࢆྍ⬟࡟ࡍࡿ㸬㔜」 ACK⌧㇟ࡢ࢝࢘ࣥࢺࡢ୍㒊ࢆ࢚ࢡࢫ࣏࣮ࢱ࡛ᐇ᪋࡛ࡁࡿࡼ࠺࡟࡞ࡗ
ࡓࡇ࡜࡛㸪࢚ࢡࢫ࣏࣮ࢱ࠿ࡽࢥࣞࢡࢱ࡟ᑐࡋ࡚ࣃࢣࢵࢺ࣊ࢵࢲࡑࡢࡶࡢࢆ㏦ࡿᚲせࡀ࡞ࡃ
࡞ࡾ㸪ࢥࣞࢡࢱഃ࡛ᚲせ࡛࠶ࡗࡓࣃࢣࢵࢺ࣊ࢵࢲࡢ࢟ࣕࣉࢳࣕ࡟ᚲせ࡛࠶ࡗࡓ CPUᛶ⬟ࢆ
኱ᖜ࡟ῶࡽࡍࡇ࡜ࡀ࡛ࡁࡿ㸬ࡉࡽ࡟ 1 ྎࡢ࢚ࢡࢫ࣏࣮ࢱࢆ཰ᐜࡍࡿࡓࡵ࡟ᚲせ࡞ࢥࣞࢡࢱ
ᛶ⬟ࡀୗࡀࡿࡇ࡜࡛㸪ᚑ᮶ࡼࡾࡶከࡃࡢ࢚ࢡࢫ࣏࣮ࢱࢆ 1 ྎࡢࢥࣞࢡࢱ࡟཰ᐜ࡛ࡁࡿࡼ࠺
࡟࡞ࡿ㸬  
௨ୗ㸪4.2⠇࡛㛵㐃◊✲࡟ࡘ࠸࡚⤂௓ࡋ㸪4.3⠇࡛ࣈ࣮࣒ࣝࣇ࢕ࣝࢱࢆ⏝࠸࡚ TCPࣃࢣࢵ
ࢺࣟࢫィ ᡭἲ[204]ࢆᣑᙇࡋࡓᥦ᱌ᡭἲ࡟ࡘ࠸࡚㏙࡭ࡿ㸬4.4⠇࡜ 4.5⠇࡛ヨసࢩࢫࢸ࣒࡜
ࡑࡢᛶ⬟ホ౯⤖ᯝࢆ♧ࡋ㸪ᥦ᱌ᡭἲࡀᑡ㔞ࡢ࣓ࣔࣜ㈨※࣭ప࠸ CPU ㈇Ⲵ࡛ TCP ࣃࢣࢵࢺ
ࣟࢫࢆ᥎ᐃฟ᮶ࡿࡇ࡜ࢆ♧ࡍ㸬4.6⠇࡛ᐇ㦂⤖ᯝ࠿ࡽ⪃ᐹࡋ㸪4.7⠇࡛ᮏ❶ࢆࡲ࡜ࡵࡿ㸬 
 
 
ᅗ 4-1 ࣃࢣࢵࢺࣟࢫ᫬ࡢ␒ྕ㸦Sequence / ACK㸧ࡢ㑄⛣ 
(a)ࣃࢣࢵࢺࣟࢫࡣ 1ࣃࢣࢵࢺࡢ⌧㇟㸪(b)㔜」 ACKࡣ」ᩘࣃࢣࢵࢺ࠿ࡽᵓᡂࡉࢀࡿ⌧㇟ 
 
 
 
 
N
um
ber (Sequence / A
C
K
)
Time [s]
DATA packet
ACK  packet
Loss packet
Congestion Window Size
in packet loss
(a) The phenomenon can not be measured
Besides it consists of just one packet 
(b)The phenomenon can be measured
Beside it consists of some packets
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ᅗ 4-2 㔜」 ACK⌧㇟ࡢᵓᡂࣃࢣࢵࢺᩘศᕸ 
(a) ࢜ࣜࢪࢼࣝࡢศᕸ㸪(b)ࢧࣥࣉࣜࣥࢢ☜⋡ s࡛ほ ࡋࡓศᕸ 
 
4.2 ᩥ⊩[204]ࡢ᪉ἲ 
ᮏ⠇࡛ࡣᩥ⊩[204]ࡢTCPࣃࢣࢵࢺࣟࢫ᥎ᐃᡭἲ࡟ࡘ࠸࡚⤂௓ࡍࡿ㸬ࡇࡢᡭἲࡣ㔜」ACK
⌧㇟࡟╔┠ࡋ࡚㸪㏫᪉ྥࣃࢣࢵࢺࢆほ ࡋ࡚㸪㡰᪉ྥࡢရ㉁ࢆ᥎ᐃࡍࡿ㸬 
TCP ࣊ࢵࢲ࡟ࡣ㏦ಙഃ࠿ࡽཷಙഃ࡟㌿㏦ࡉࢀࡿࣃࢣࢵࢺ㡰ᗎࢆ♧ࡍࢩ࣮ࢣࣥࢫ␒ྕࡀグ
㍕ࡉࢀ࡚࠸ࡿ㸬ࡼࡗ࡚ࡇࡢ␒ྕࢆほ ࡍࢀࡤࣃࢣࢵࢺ࡟ᢤࡅࡀᏑᅾࡍࡿࡇ࡜ࢆ᳨ฟ࡛ࡁࡿ
ࡣࡎ࡛࠶ࡿ㸬ࡋ࠿ࡋ࡞ࡀࡽ୍⯡ⓗ࡞ࢧࣥࣉࣜࣥࢢ᪉ᘧ࡛ࡣࣛࣥࢲ࣒࡟ࣃࢣࢵࢺࢆࢧࣥࣉࣜ
ࣥࢢࡍࡿࡓࡵ㸪௬࡟ࡦ࡜ࡘࡢࣃࢣࢵࢺ␒ྕࡢᢤࡅࡀほ ࡉࢀ࡚ࡶ㸪ࡑࢀࡀࢧࣥࣉࣜࣥࢢ࡟
ࡼࡿࡶࡢ࡞ࡢ࠿㸪ࣃࢣࢵࢺࣟࢫ࡟ࡼࡿࡶࡢ࡞ࡢ࠿ࢆ㆑ู࡛ࡁ࡞࠸(ᅗ 4-1(a))㸬 
 ᩥ⊩[204]࡛ࡣࡇࡢၥ㢟ࢆゎỴࡍࡿࡓࡵ࡟ཷಙ➃ᮎ࠿ࡽ㏦ಙ➃ᮎ࡟㏉ಙࡉࢀࡿ ACK ࣃࢣ
ࢵࢺ࡟╔┠ࡋࡓᡭἲ࡛࠶ࡿ㸬 ACKࣃࢣࢵࢺࡣࣃࢣࢵࢺࣟࢫࡀⓎ⏕ࡋ࡚࠸࡞࠸ሙྜࡣ༢ㄪቑ
ຍࡋ࡚࠸ࡃࡀ㸪ࣃࢣࢵࢺࣟࢫࡀⓎ⏕ࡋࡓሙྜࡣ㔜」 ACK⌧㇟ࡀⓎ⏕ࡍࡿ(ᅗ 4-1(b))㸬ࡇࡢ
㔜」 ACK⌧㇟ࡣ」ᩘࣃࢣࢵࢺ࡛ᵓᡂࡉࢀ࡚࠸ࡿࡓࡵ㸪ࢧࣥࣉࣜࣥࢢᚋࡶほ ࡛ࡁࡿྍ⬟ᛶ
ࡀ㧗࠸㸬ࡋ࠿ࡋ」ᩘࡢࣃࢣࢵࢺ࡛࠶ࡗ࡚ࡶ㸪౫↛ࡑࡢ୍㒊ࡣࢧࣥࣉࣜࣥࢢࡍࡿࡇ࡜࡟ࡼࡾ
ほ ࡉࢀ࡞ࡃ࡞ࡗ࡚ࡋࡲ࠺㸬ᩥ⊩[204]࡛ࡣࡇࡢぢ㏨ࡋ㔞ࢆ⤫ィⓗ࡟ぢ✚ࡶࡾ㸪☜⋡ⓗ࡟⿵
ṇࡍࡿࡇ࡜࡛㸪ᮏ᮶Ⓨ⏕ࡋࡓ㔜」 ACK⌧㇟ࡢ㔞ࢆ᥎ᐃࡍࡿ㸬 
ࡇࡇ࡛㔜」ACK⌧㇟ࡢほ ☜⋡Qack ࡟ࡘ࠸࡚ㄝ᫂ࡍࡿ㸬Repeat count jࡢᐃ⩏࡜ࡋ࡚㸪
㔜」 ACK⌧㇟ࡀⓎ⏕ࡋࡓ࡜ࡁ࡟㸪㔜」 ACK⌧㇟ࢆᵓᡂࡍࡿ㸦ྠࡌ ACK␒ྕࡀ㐃⥆ sࡍ
ࡿ㸧ᩘ࡜ࡍࡿ㸬౛࠼ࡤ ACK␒ྕࡀ 1㸪2㸪3㸪3㸪3㸪3㸪4࡜ࡋ࡚ほ ࡉࢀࡓሙྜ㸪㔜」 ACK
⌧㇟ࡀⓎ⏕ࡋࡓ᫬࡜࠸࠺᮲௳ࡀࡘࡃࡓࡵ㸪3㸪3㸪3㸪3ࡢࡳࡀ㆟ㄽᑐ㇟࡜࡞ࡿ㸬ࡇࡢ㔜」 ACK
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ࢆᵓᡂࡍࡿࣃࢣࢵࢺᩘࡣ 4࡛࠶ࡿ㸬ࡇࡢࡓࡵ Repeat count 4࡜࠸࠺㔜」 ACK⌧㇟ࢆ 1ᅇ
ほ ࡋࡓࡇ࡜࡜࡞ࡿ㸬  
ࡇࡇ࡛ P(p㸪 s㸪 j)ࢆ㸪ࣃࢣࢵࢺࣟࢫࡀⓎ⏕ࡋࡓ㝿ࡢ᮲௳ࡢඖ࡛ࡢ᮲௳௜ࡁ☜⋡࡛㸪ࣃࢣ
ࢵࢺࣟࢫ☜⋡ pࡢ⎔ቃࢆࢧࣥࣉࣜࣥࢢ☜⋡ s࡛ほ ࡋ᳨࡚ฟ࡛ࡁࡿ Repeat count j ࡢ㔜」
ACK⌧㇟ࡀ㔜」 ACK⌧㇟ࡢ⥲ᩘ࡟༨ࡵࡿ๭ྜ࡜ࡍࡿ㸬ࡇࡇ࡛ࡣ p㸪 sࡀኚࢃࡿ࡜ P(p㸪 s㸪 
j)ࡢ☜⋡ศᕸࡣኚ໬ࡍࡿࡀ㸪ᐃ⩏ࡼࡾ(ᩘᘧ 4-1)ࡀᖖ࡟ᡂ❧ࡍࡿ(ᅗ 4-2)  
  (ᩘᘧ 4-1) 
 
ࡋ࠿ࡋ࡞ࡀࡽᐇ㝿࡟ࡣ Repeat count ࡀ 0ࡸ 1ࡢሙྜ࡟ࡣほ ࡋࡓACK␒ྕࡣ༢⣧ቑຍ
࡜࡞ࡿࡓࡵ㸪㔜」 ACK⌧㇟ࡀⓎ⏕ࡋࡓࡇ࡜ࢆㄆ㆑࡛ࡁ࡞࠸㸬Repeat count ࡀ 2௨ୖࡢሙ
ྜࡢࡳ㔜」 ACK⌧㇟ࢆㄆ㆑࡛ࡁࡿ㸬ࡼࡗ࡚ࣃࢣࢵࢺࣟࢫ⋡ p ࡢ࡜ࡁ࡟ࢧࣥࣉࣜࣥࢢ☜⋡ s 
ࡢ㝿ࡢ㔜」 ACK⌧㇟ࡢほ ☜⋡ Qack ࡣ(ᩘᘧ 4-2)࡜࡞ࡿ㸬 
(ᩘᘧ 4-2) 
 
ࡇࡇ࡛ P(p㸪 s㸪 j)ࡢ☜⋡ศᕸࡀᚲせ࡜࡞ࡿ㸬P(p㸪 s㸪 j)ࡣࣃࢣࢵࢺࣟࢫ᫬ࡢ㍽㍵࢘࢕
ࣥࢻ࢘ᖜ࡟౫Ꮡࡍࡿࡓࡵ TCP ࡢ㍽㍵ไᚚ࢔ࣝࢦࣜࢬ࣒ẖ࡟␗࡞ࡿ㸬୍౛࡜ࡋ࡚ TCP 
NewReno[186]ࡢሙྜࡣᩥ⊩[204]࡛(ᩘᘧ 4-3)࡛㏆ఝ࡛ࡁࡿࡇ࡜ࡀ♧ࡉࢀ࡚࠸ࡿ㸬b ࡣTCP
ࡢ delay ACK࡟㛵ࡍࡿࣃ࣓ࣛࢱ(㏻ᖖ b=2)࡛࠶ࡿ㸬 
 
(ᩘᘧ 4-3) 
 
࡞࠾㸪ࡇࡇ࡛ࡣ TCP NewRenoࡢ P(p㸪s㸪j)ࢆ౛࡟ᣲࡆࡓࡀ㸪ヱᙜࡍࡿ TCPࡢ P(p㸪s㸪
j)ࡀᩘ್ⓗ࡟ุ᫂ࡋ࡚࠸ࢀࡤ࡝ࡢ TCP࡟ᑐࡋ࡚ࡶ㐺⏝ࡍࡿࡇ࡜ࡀ࡛ࡁࡿ[213]㸬 
ほ ☜⋡ࡀ(ᩘᘧ 4-2)࡟ࡼࡗ࡚᫂ࡽ࠿࡜࡞ࡿࡓࡵ㸪ࣃࢣࢵࢺࢧࣥࣉࣜࣥࢢ࡛ほ ࡛ࡁࡓ㔜
」 ACK⌧㇟ࡢᩘࢆ ACK࡜ࡍࡿ࡜㸪ᮏ᮶Ⓨ⏕ࡋࡓ㔜」 ACK⌧㇟ࡢᩘ Xackࡣ(ᩘᘧ 4-4)࡜࡞
ࡿ㸬 
 (ᩘᘧ 4-4) 
(ᩘᘧ 4-4)ࡢ ACKࡣほ ್㸪ࢧࣥࣉࣜࣥࢢ☜⋡ s ࡣタᐃ್࡛࠶ࡿ㸬୍᪉࡛ࣃࢣࢵࢺࣟࢫ
⋡ pࡣᮍ▱࡛࠶ࡿ㸬ࡋ࠿ࡋ࡞ࡀࡽᩥ⊩[204]࡟ࡼࡾ㸪0࠿ࡽ 1ࡢ⠊ᅖࡢ௵ពࡢ್ࢆ p ࡜ࡋ࡚
(ᩘᘧ 4-4)࡟௦ධࡋ࡚ࡶ㸪ᚓࡽࢀࡓ Xackࢆࣃࢣࢵࢺࣟࢫ⋡ p࡟ኚ᥮ࡋ෌ᗘ(ᩘᘧ 4-4)࡟௦ධ
ࡍࡿ࡜࠸ࡗࡓ཯᚟ィ⟬ࢆ⾜࠺࡜㸪ᮏ᮶Ⓨ⏕ࡋࡓ㔜」 ACK⌧㇟ࡢᩘ࡟཰᮰ࡍࡿ㸬ࡇࡢ཯᚟ィ
⟬ࡣ㧗ࠎ3ᅇ⛬ᗘ࡛཰᮰ࡍࡿ㸬 
ᐇࢩࢫࢸ࣒࡛ࡣ࣮ࣝࢱ➼ࡢࣃࢣࢵࢺྲྀᚓᶵ⬟ࢆᣢࡘ࢚ࢡࢫ࣏࣮ࢱ࡛ࣃࢣࢵࢺࢧࣥࣉࣜࣥ
ࢢࢆ⾜࠸㸪PC➼ࡢࢥࣞࢡࢱ࡛ࢹ࣮ࢱゎᯒࢆᐇ᪋ࡍࡿࡇ࡜࡟࡞ࡿ㸬ࢩࢫࢸ࣒࡜ࡋ࡚ຠ⋡ⓗ࡟
ရ㉁ィ ࢆ⾜࠺ሙྜ㸪」ᩘ࢚ࢡࢫ࣏࣮ࢱࡢ⤖ᯝࢆࡦ࡜ࡘࡢࢥࣞࢡࢱ࡛ฎ⌮ࡍࡿᙧែࡀ⪃࠼
ࡽࢀࡿ㸬ࡇࢀࢆᐇ⌧ࡍࡿࡓࡵ࡟ࡣ㸪࢚ࢡࢫ࣏࣮ࢱ࡜ࢥࣞࢡࢱฎ⌮ࢆ㐺ษ࡟㓄⨨ࡍࡿᚲせࡀ
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࠶ࡿ㸬ᩥ⊩[204]࡛ࡣ࢚ࢡࢫ࣏࣮ࢱฎ⌮ࡣࢧࣥࣉࣜࣥࢢࡢࡳࡢ㍍㔞ฎ⌮࡛࠶ࡿࡀ㸪ࢥࣞࢡࢱ
ฎ⌮ࡣ࢖࣋ࣥࢺࡢ࢝࢘ࣥࢺ࠿ࡽ⤫ィィ⟬ࡲ࡛ࢆ⾜ࡗ࡚࠾ࡾ㸪࢚ࢡࢫ࣏࣮ࢱ࡟ẚ࡭࡚ฎ⌮ࡀ
㔜ࡃ࡞ࡗ࡚࠸ࡿ㸬 
 
4.3 ᥦ᱌ᡭἲ 
ᮏ◊✲࡛ࡣࢥࣞࢡࢱฎ⌮ࡢ୍㒊ࢆ࢚ࢡࢫ࣏࣮ࢱ࡟⛣ࡍࡇ࡜࡛ฎ⌮ࡢ㐺ษ㓄⨨ࢆᐇ⌧ࡍࡿ㸬 
ࢫࢸ࣮ࢺࣞࢫฎ⌮ࡣḟ࡟฿╔ࡍࡿࣃࢣࢵࢺ࡜ఱࡽ࠿ࡢ≧ែࢆඹ᭷ࡋ࡞࠸ࡓࡵ㸪୪ิฎ⌮ࡀ
ྍ⬟࡜࡞ࡿ㸬ࡇࡢฎ⌮࡟᫬㛫ࡀ࠿࠿ࡿሙྜ㸪ฎ⌮ࡢ୪ิᗘࢆୖࡆࡿࡇ࡜࡛ᐜ᫆࡟㧗㏿໬ࡀ
ྍ⬟࡛࠶ࡿ㸬୍᪉࡛ྠࡌ࣓ࣔࣜ࡟࢔ࢡࢭࢫࡍࡿฎ⌮ࡣ㸪ḟ࡟฿╔ࡍࡿࣃࢣࢵࢺ࡜ఱࡽ࠿ࡢ
≧ែࢆඹ᭷ࡍࡿࡓࡵ㸪ฎ⌮ࢆ୪ิ໬ࡍࡿࡇ࡜ࡀ࡛ࡁࡎ㸪ḟࡢࣃࢣࢵࢺࡀ฿╔ࡍࡿࡲ࡛࡟ฎ
⌮ࢆ᏶஢ࡍࡿᚲせࡀ࠶ࡿ㸬ࡇࡢࡓࡵฎ⌮㏿ᗘࢆྥୖࡍࡿࡓࡵ࡟ࡣࢫࢸ࣮ࢺฎ⌮࡟╔┠ࡋ࡚
ࡑࡢ㒊ศࡢ㧗㏿໬ࢆᅗࡿᚲせࡀ࠶ࡿ㸬 
ᩥ⊩[204]࡛ࡣࣃࢣࢵࢺࢧࣥࣉࣜࣥࢢฎ⌮ࡀࢫࢸ࣮ࢺࣞࢫฎ⌮࡛㸪㔜」 ACK ⌧㇟ࡢ࢝࢘
ࣥࢺฎ⌮࡜⤫ィฎ⌮ࡀࢫࢸ࣮ࢺฎ⌮࡜࡞ࡿ㸬ᮏㄽᩥ࡛ࡣ㸪㔜」 ACK⌧㇟ࡢ࢝࢘ࣥࢺ࡟㸪ࣈ
࣮࣒ࣝࣇ࢕ࣝࢱࢆ⏝࠸ࡿࡇ࡜࡛㸪᏶඲࡞᤼௚ไᚚࢆᚲせ࡜ࡋ࡞࠸ᡭἲࢆᥦ᱌ࡍࡿ㸬᏶඲࡞
᤼௚ไᚚࢆᚲせ࡜ࡋ࡞࠸ሙྜ࡟ࡣ㸪ฎ⌮ࢆ୪ิ໬ࡍࡿࡇ࡜࡛㸪ࢫࢸ࣮ࢺࣞࢫฎ⌮ྠᵝ㸪ᅇ
㊰ฎ⌮ࡸ࣓ࣔࣜࣞ࢖ࢸࣥࢩ࡟ไ⣙ࡉࢀࡿࡇ࡜࡞ࡃᐇ⌧࡛ࡁࡿ㸬 
 
4.3.1 ᇶᮏᴫᛕ 
TCPࡢ㔜」 ACK⌧㇟ࢆ࢝࢘ࣥࢺࡍࡿࡓࡵ࡟ࡣ㐣ཤࡢ ACK␒ྕࡸྠ୍ ACK␒ྕࡢ㐃⥆
ᩘ࡞࡝ࡢ≧ែࢆཧ↷ࡍࡿᚲせࡀ࠶ࡿ㸬ィ ୰ࡢ TCPࣇ࣮ࣟᩘࡣ⭾኱࡞ࡓࡵ㸪ࡇࢀࡽࡢ᝟ሗ
ࢆ࣮࢜ࣥ࣎ࢻ࡟㓄⨨ࡍࡿࡇ࡜ࡣ㞴ࡋ࠸㸬እ㒊࣓ࣔࣜ࡟㓄⨨ࡍࡿሙྜ࡟ࡣ࣓ࣔࣜࣞ࢖ࢸࣥࢩ
ࡀ㧗㏿໬ࡢ࣎ࢺࣝࢿࢵࢡ࡜࡞ࡿ㸬 
ࡇࡢၥ㢟ࢆゎỴࡍࡿࡓࡵ࡟ SCBF (Space Code Bloom Filter) [217]ࢆ⏝࠸࡚ཝᐦ࡞᤼௚
ไᚚࢆ⾜ࢃࡎ࡟㔜」 ACK⌧㇟ࢆ࢝࢘ࣥࢺࡍࡿᡭἲࢆᥦ᱌ࡍࡿ㸬SCBF࡜ࡣ㧗㏿ࢿࢵࢺ࣮࣡
ࢡ࡛ࡢ࢝࢘ࣥࢺᢏ⾡ࡢ୍ࡘ࡛࠶ࡾ㸪N ಶࡢࣈ࣮࣒ࣝࣇ࢕ࣝࢱࢆ⏝࠸࡚ฎ⌮ࢆ୪ิ໬ࡍࡿࡇ
࡜࡟ࡼࡾ㸪࠶ࡿศ㢮࡟ᒓࡍࡿࣃࢣࢵࢺࢆ N ಶࡲ࡛㧗㏿࡟࢝࢘ࣥࢺࡍࡿࡇ࡜ࡀ࡛ࡁࡿ㸬㏻ᖖ
ࡢ౑࠸᪉࡛ࡣࣃࢣࢵࢺࡢࣇ࣮ࣟ᝟ሗ࡟┦ᙜࡍࡿࣇ࢕࣮ࣝࢻࢆཧ↷ࡋ࡚ࣁࢵࢩࣗィ⟬ࢆ⾜࠸㸪
ᑐᛂࡍࡿࣈ࣮࣒ࣝࣇ࢕ࣝࢱࡢࣅࢵࢺ࡟࣐࣮࢟ࣥࢢࡍࡿ㸬ࡇࡇ࡛ࣈ࣮࣒ࣝࣇ࢕ࣝࢱࢆ」ᩘ‽
ഛࡍࡿࡇ࡜࡛㸪ヱᙜࡍࡿࣇ࣮ࣟࡢ㏻㐣ࣃࢣࢵࢺᩘࢆ᥎ᐃ࡛ࡁࡿ㸬ᥦ᱌ࡍࡿ SCBF࡛ࡣ TCP
ࡢ ACK␒ྕ࡟┦ᙜࡍࡿࣇ࢕࣮ࣝࢻࢆཧ↷ࡋ࡚ࣁࢵࢩࣗィ⟬ࢆ⾜࠸㸪ᑐᛂࡍࡿࣈ࣮࣒ࣝࣇ࢕
ࣝࢱࡢࣅࢵࢺ࡟࣐࣮࢟ࣥࢢࢆ⾜࠺㸬 
࠶ࡿࣃࢣࢵࢺࡢฎ⌮୰࡟ḟࡢࣃࢣࢵࢺࡢฎ⌮ࢆ⾜࠺ࡇ࡜ࡀฟ᮶ࡿࡓࡵ࢝࢘ࣥࢺฎ⌮ࢆ㧗
㏿໬࡛ࡁࡿ㸬୍᪉㸪᤼௚ไᚚࢆ⾜ࢃ࡞࠸ࡓࡵ㸪ᮏ᮶Ⓨ⏕ࡋࡓ㔜」 ACK⌧㇟ࡢᩘࢆṇ☜࡟࢝
࢘ࣥࢺࡍࡿࡇ࡜ࡣฟ᮶࡞࠸(ࡇࡇ࡛ SCBFࢆ⏝࠸࡚࢝࢘ࣥࢺࡋࡓ㔜」 ACK⌧㇟ࡢ್ࢆ㔜」
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ACK⌧㇟ࡢᑕᙳ್࡜ࡍࡿ)㸬ࡓࡔࡋ㸪⤫ィⓗ࡟࡝ࡢ⛬ᗘࡢ࢝࢘ࣥࢺㄗᕪࡀⓎ⏕ࡍࡿ࠿ࡣண 
࡛ࡁࡿ㸬ࡇࡢࡓࡵィ ࡋࡓ㔜」 ACK⌧㇟ࡢᑕᙳ್࡜ィ ࡋࡓほ ☜⋡࠿ࡽᮏ᮶Ⓨ⏕ࡋࡓ㔜
」 ACK⌧㇟ࡢᩘࢆ᥎ᐃࡍࡿࡇ࡜ࡀ࡛ࡁࡿ㸬 
 
4.3.2 ᥎ᐃ᪉ἲ 
ࣇ࣮ࣟィ ࢩࢫࢸ࣒࡜ࡋ࡚ࡣ TCPࣃࢣࢵࢺࣟࢫࢆ᥎ᐃࡍࡿࡓࡵ࡟௨ୗࡢฎ⌮ࢆᐇ᪋ࡍࡿ㸬 
1. ࢚ࢡࢫ࣏࣮ࢱ࡛ࢧࣥࣉࣜࣥࢢࡋ㸪㔜」 ACK⌧㇟ࡢᑕᙳࡢ࢝࢘ࣥࢺࢆ⾜࠺㸬 
2. 㔜」ACK⌧㇟ࡢᑕᙳ್ࢆ⤫ィ㔞࡜ࡋ࡚ᤄධࡋ࡚࢚ࢡࢫ࣏࣮ࢱ࠿ࡽࢥࣞࢡࢱ࡟㌿㏦
ࡍࡿ㸬 
3. ࢥࣞࢡࢱࡢゎᯒฎ⌮࡛ཷಙࡋࡓ㔜」 ACK ⌧㇟ࡢᑕᙳ್ࢆᇶ࡟㸪⤫ィฎ⌮(ィ ㄗ
ᕪ☜⋡ࢆ⏝࠸ࡓ㔜」 ACK⌧㇟ࡢⓎ⏕☜⋡ࡢ⿵ṇ)ࢆ⾜࠺㸬  
 ௨㝆࡛ 1࡜ 3ࡢฎ⌮ෆᐜ࡟ࡘ࠸࡚ㄝ᫂ࡍࡿ㸬  
 
I. 㔜」 ACK⌧㇟ࡢᑕᙳ್ࡢ࢝࢘ࣥࢺ 
㔜」 ACKࡢ࢝࢘ࣥࢺฎ⌮ࡣ㸪ࡍ࡭࡚ࡢ ACK␒ྕࢆグ㘓ࡋ㸪㔜」ࡀᏑᅾࡍࡿ࠿࡝࠺࠿ࢆ
☜ㄆࡍࡿࡇ࡜࡛࠶ࡿ㸬ࣃࢣࢵࢺẖ࡟ࡍ࡭࡚␗࡞ࡿ࣓ࣔࣜ࡟ ACK␒ྕࢆグ㘓ࡋ㸪୍ᐃ㛫㝸ẖ
࡟࣓ࣔࣜࢆཧ↷㸪ACK␒ྕࡢ㔜」ࡢ᭷↓ࢆ☜ㄆࡍࡿࡇ࡜ࡀ࡛ࡁࢀࡤ㸪୪ิฎ⌮ྍ⬟࡛࠶ࡿ㸬 
ࡋ࠿ࡋ࡞ࡀࡽ㏻ᖖࡢ࣓ࣔࣜࡢ౑࠸᪉(౛࠼ࡤ 32bit ࡛ 1 ಶࡢ␒ྕࢆグ㘓)ࢆࡍࡿ࡜㸪ACK
␒ྕࢆ௬࡟ 32ಶグ㘓ࡍࡿሙྜ࡟ࡣ 32bit32ಶࡢ࣓ࣔࣜ✵㛫ࢆ౑⏝ࡍࡿ㸬ࡇࡢ࣓ࣔࣜ✵㛫
ࡣࣇ࣮ࣟẖ࡟ᚲせ࡜࡞ࡿࡓࡵ⭾኱࡞㔞࡜࡞ࡿࡇࡢࡓࡵ㸬㏻ᖖࡢ࢝࢘ࣥࢱ࡛ࡣ㸪ACK␒ྕࢆ
ࡍ࡭࡚グ㘓ࡍࡿࡢ࡛ࡣ࡞ࡃ㸪ࣇ࣮ࣟẖ࡟᭱ᚋࡢ ACK␒ྕࡢࡳࢆグ㘓ࡋ࡚࠾ࡁ㸪ࣇ࣮ࣟࡢ᭱
᪂ࡢ ACK␒ྕ࡜᭱ᚋࡢ ACK ␒ྕࢆẚ㍑ࡋ࡚㔜」ࡢ᭷↓ࢆ☜ㄆࡍࡿ㸬㔜」 ACK Ⓨ⏕ࡢ࢝
࢘ࣥࢱ್ࢆᣢࡗ࡚࠾ࡁ㸪☜ㄆᚋࡣ㐣ཤࡢ ACK␒ྕࢆᾘཤࡋ࡚࠸ࡃ㸬࠶ࡿࣇ࣮ࣟࡢࣃࢣࢵࢺ
ࡀ฿╔ࡍࡿ࡜㸪ࡑࡢࣇ࣮ࣟࡢ⌧ᅾࡢ࢝࢘ࣥࢱ್ࢆ࣓ࣔࣜ࠿ࡽㄞࡳ㎸ࡳ㸪ࡑࡢ್ࢆ᭦᪂㸪෌
ᗘ࣓ࣔࣜ࡟᭩ࡁ㎸ࡳࢆ⾜࠺㸬࡜࠸࠺ฎ⌮ࡀⓎ⏕ࡍࡿ㸬ࡇࡢ୍㐃ࡢࢧ࢖ࢡࣝࢆ⤊࠼ࡿࡲ࡛ྠ
୍ࡢࣇ࣮ࣟࡢḟࡢࣃࢣࢵࢺࢆ࢝࢘ࣥࢺࡍࡿࡇ࡜ࡣฟ᮶࡞࠸㸬 
୍᪉㸪ᥦ᱌ᡭἲ࡛ࡣ SCBF ࢆ฼⏝ࡋ࡚᝟ሗࢆᅽ⦰ࡋ࡚グ㘓ࡋ࡚࠸ࡿ㸬ࣈ࣮࣒ࣝࣇ࢕ࣝࢱ
࡛ࡣྛ bit ࡟ 1 ಶࡢ␒ྕࡢព࿡ࢆᣢࡓࡏࡿࡇ࡜ࡀྍ⬟࡛࠶ࡾ㸪32bit ࡛ࡣ᭱኱ 32 ಶࡢ␒ྕ
ࢆグ㘓ࡍࡿࡇ࡜ࡀ࡛ࡁࡿ㸬ࡇࡢࡓࡵᥦ᱌ᡭἲ࡛ࡣࣈ࣮࣒ࣝࣇ࢕ࣝࢱࡀຠ⋡ⓗ࡟␒ྕࢆグ㘓
࡛ࡁࡿ≉ᚩࢆ฼⏝ࡋ୍࡚ᐃᮇ㛫ෆࡢࡍ࡭࡚ࡢ ACK␒ྕࢆグ᠈ࡍࡿ㸬ࡇࡢฎ⌮࡛ࡣྠ୍࣓ࣔ
ࣜࢆ฼⏝ࡍࡿᚲせࡀ࡞࠸ࡓࡵ㸪ูࡢ࣓ࣔࣜ✵㛫ࢆ฼⏝ࡍࡿࡇ࡜ࡀฟ᮶ࡿ㸬  
SCBFࡶࣈ࣮࣒ࣝࣇ࢕ࣝࢱࢆㄞࡳ㎸ࡳ㸪᭦᪂ࡋ㸪෌ᗘ࣓ࣔࣜ࡟᭩ࡁ㎸ࡴ㸪࡜࠸࠺ฎ⌮ࡣⓎ
⏕ࡍࡿࡀ㸪๓ᅇ࡜ྠࡌ࣓ࣔࣜ㡿ᇦࢆ౑࠺ᚲせࡀ࡞࠸ࡓࡵ㸪୪ิฎ⌮ࢆ⾜࠺ࡇ࡜ࡀྍ⬟࡛࠶
ࡾ㸪㧗㏿໬ࡀᐜ᫆࡟࡞ࡿ㸬 
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ᅗ 4-3 SCBF࡟ࡼࡿ㔜」 ACK⌧㇟ࡢᑕᙳ್ࡢ࢝࢘ࣥࢺ 
 
 
ᅗ 4-4 㔜」 ACK⌧㇟ࡢグ㘓☜⋡ 
 
ᥦ᱌ᡭἲ࡛ࡣ TCP ࡢ ACK ␒ྕ࡟┦ᙜࡍࡿࣇ࢕࣮ࣝࢻࢆཧ↷ࡋ㸪ᑐᛂࡍࡿࣈ࣮࣒ࣝࣇ࢕
ࣝࢱࡢࣅࢵࢺ࡟࣐࣮࢟ࣥࢢࡍࡿ㸬ࣃࢣࢵࢺࣟࢫࡀⓎ⏕ࡋ࡚࠸࡞࠸ ACK␒ྕࡣࣃࢣࢵࢺࡀ୍
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ࡘࡋ࠿Ⓨ⏕ࡋ࡞࠸ࡓࡵ㸪ヱᙜࡍࡿ SCBFࡢ್ࡣ 1࡜࡞ࡿ㸬୍᪉࡛ࣃࢣࢵࢺࣟࢫࡀⓎ⏕ࡋ࡚
࠸ࡿ⟠ᡤ࡛ࡣ㔜」 ACK⌧㇟࡟ࡼࡾྠࡌ ACK␒ྕࡢࣃࢣࢵࢺࡀ」ᩘⓎ⏕ࡍࡿࡢ࡛㸪ヱᙜࡍ
ࡿ SCBFࡢ್ࡣ 2௨ୖ࡛࠶ࡿ☜⋡ࡀ㧗࠸(ᅗ 4-3)㸬ࡇࡢࡓࡵNӍ2ࡢ SCBFࢆ⏝࠸࡚㸪SCBF
ࡢ್ࡀ 2௨ୖ࡜࡞ࡗ࡚࠸ࡿ ACK␒ྕࡢᩘࢆᩘ࠼ࢀࡤ㔜」 ACK⌧㇟ࡢⓎ⏕ࢆ▱ࡿࡇ࡜ࡀ࡛
ࡁࡿ(ᅗ 4-3)㸬 
௨ୗ࡟㔜」 ACK⌧㇟ࡢᑕᙳ್ࡢලయⓗ࡞࢝࢘ࣥࢺ᪉ἲ࡟ࡘ࠸࡚グ㍕ࡍࡿ㸬 
 
A) ஦๓‽ഛ㸸BFT(ࣈ࣮࣒ࣝࣇ࢕ࣝࢱࡢࢸ࣮ࣈࣝ)ࢆNಶ(NӍ 2)⏝ពࡍࡿ㸬BFTࡣ L
ಶࡢࣞࢥ࣮ࢻࢆᣢࡕ㸪ྛࣞࢥ࣮ࢻࡣࣇ࣮ࣟID࡜ほ ࡋࡓ ACK␒ྕࢆグ㘓ࡍࡿ m 
ࣅࢵࢺࡢ BF(ࣈ࣮࣒ࣝࣇ࢕ࣝࢱ)࠿ࡽᵓᡂࡉࢀࡿ㸬 
B) ࣃࢣࢵࢺẖฎ⌮㸸 
(࢔) タᐃࢧࣥࣉࣜࣥࢢ☜⋡࡛ࣃࢣࢵࢺࢆ㛫ᘬࡃ㸬 
(࢖) ྲྀᚓࡍࡿሙྜࡣ BFTࢆ㑅ᢥࡍࡿ㸬㑅ᢥ᪉ἲࡣ㸪㐃⥆ࡋ࡚ྠࡌࣈ࣮࣒ࣝࣇ࢕ࣝ
ࢱ࡟࢔ࢡࢭࢫࡏࡎ㸪ྛ BFT ࡀᆒ➼࡟฼⏝ࡉࢀࡿ᪉ἲ࡛࠶ࢀࡤⰋ࠸㸬౛࠼ࡤ㸪
BFT࡟ࡣ␒ྕࢆ௜୚ࡋ࡚࠾ࡁ㸪๓ᅇࡢࣃࢣࢵࢺྲྀᚓ࡛฼⏝ࡋࡓ BFTࡢḟࡢ␒
ྕࡢ BFTࢆ㑅ᢥ㸬๓ᅇࡀ᭱ᚋࡢ␒ྕࡢ BFTࡢሙྜ࡟ࡣ᭱ึࡢ␒ྕࡢ BFTࢆ
㑅ᢥࡍࡿ࡜࠸ࡗࡓ㸪ࣛ࢘ࣥࢻࣟࣅࣥ➼ࡀ⪃࠼ࡽࢀࡿ㸬 
(࢘) ࣇ࣮ࣟID ࡟ࣁࢵࢩࣗィ⟬ࢆ⾜࠸㸪㑅ᢥࡋࡓ BFL ࡢ L ࣞࢥ࣮ࢻࡢ࡝ࡇ࡟グ㘓
ࡍࡿ࠿ࢆ㑅ᢥ㸬㑅ᢥࡋࡓࣞࢥ࣮ࢻ࡟ࣇ࣮ࣟID ࢆグ㘓ࡋ࡚㸪BF ࡟ほ ୰ࡢࣃ
ࢣࢵࢺࡢ ACK␒ྕࢆグ㘓(ACK␒ྕ࡟ᑐᛂࡍࡿࣅࢵࢺ࡟ 1ࢆグ㘓) 
C) 㞟ィฎ⌮㸸୍ᐃᮇ㛫⤒㐣ᚋ㸪N ಶࡢ BFT ࢆㄞࡳ㎸ࡳ㸪ྛࣇ࣮ࣟID ࢆཧ↷ࡋ࡚㞟
ィฎ⌮ࢆ⾜࠺㸬ࣇ࣮ࣟẖ࡟ Nಶࡢ BFࢆཧ↷ࡋ࡚ྛ ACK␒ྕࡢ㏻㐣ಶᩘࢆ࢝࢘ࣥ
ࢺࡋ㸪ࢥࣞࢡࢱ࡟᝟ሗࢆ㏻▱ࡍࡿ㸬㏻▱ࡍࡿ᝟ሗࡣࣇ࣮ࣟID(㏦ಙඖ࣭ᐄඛࡢ IP
࢔ࢻࣞࢫ࡜㏦ಙඖ࣭ᐄඛ࣏࣮ࢺ␒ྕ࡜ࣉࣟࢺࢥࣝ␒ྕ)࡜ࢧࣥࣉࣜࣥࢢ☜⋡㸪ࢫࣝ
࣮ࣉࢵࢺ㛵㐃᝟ሗ(᭱኱ ACK␒ྕ࡜᭱ᑠ ACK␒ྕ)㸪ࣃࢣࢵࢺࣟࢫ㛵㐃᝟ሗ(㔜」
ACK ⌧㇟ࡢᑕᙳ್)࡛࠶ࡿ㸬ࡇࡇ࡛ࡢ㔜」 ACK ⌧㇟ࡢᑕᙳ್࡜ࡣ㸪BF ࢆཧ↷ࡋ
࡚ྠ୍ ACK␒ྕࢆ 2ಶ௨ୖ᳨ฟࡋࡓᩘ࡛࠶ࡿ㸬㞟ィฎ⌮ᚋ㸪BFࡢ್ࢆࢡࣜ࢔ࡍ
ࡿ㸬 
 
B)ࡢࣃࢣࢵࢺẖฎ⌮࡛ࡣ㸪ࣃࢣࢵࢺẖ࡟ࡣࣛ࢘ࣥࢻࣟࣅࣥ࡞࡝㐃⥆ࡋ࡚ྠࡌࣈ࣮࣒ࣝࣇ
࢕ࣝࢱ࡟࢔ࢡࢭࢫࡋ࡞࠸᪉ἲࢆ㑅ᢥࡍࡿᚲせࡀ࠶ࡿ㸬ࡋ࠿ࡋ࡞ࡀࡽᅇ⥺࡟ࡣ㏻ᖖከᩘࡢࣇ
࣮ࣟࡀΰᅾࡋ࡚࠸ࡿࡓࡵ㸪ࣃࢣࢵࢺẖ࡟ぢ࡚ྛ BFTࡀᆒ➼࡟฼⏝ࡉࢀࡿ᪉ἲ࡛࠶ࢀࡤ㸪ࣇ
࣮ࣟẖ࡟ぢࡿ࡜㸪⤫ィⓗ࡟ࣛࣥࢲ࣒࡛ BFTࡀ౑⏝ࡉࢀ࡚࠸ࡿ࡜ぢ೴ࡏࡿ㸬 
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II. ⤫ィฎ⌮ 
SCBF ࡛࢝࢘ࣥࢺࡋࡓ㔜」 ACK ⌧㇟ࡢᑕᙳ್ࡣᚲࡎᮏ᮶ࡢ್௨ୗ࡜࡞ࡿ㸬ࡇࡢ⌮⏤ࡣ
ACK␒ྕࡢグ㘓ࡢ㝿㸪ࣛࣥࢲ࣒࡟ BFTࢆ㑅ᢥࡋ࡚࠸ࡿࡢ࡛㸪㔜」 ACK⌧㇟ࢆᵓᡂࡍࡿࣃ
ࢣࢵࢺࡀ≉ᐃࡢ BFT࡟㞟୰ࡋ࡚グ㘓ࡉࢀ࡚ SCBFࡢ್ࡀ 1࡜࡞ࡾ㸪㔜」 ACK⌧㇟ࢆㄆ㆑
࡛ࡁ࡞࠸ྍ⬟ᛶࡀ࠶ࡿࡓࡵ࡛࠶ࡿ㸬 
ྛ BFTࡢ㑅ᢥ☜⋡ࡀᆒ➼࡛࠶ࡿ࡜௬ᐃࡍࡿ࡜㸪Repeat count j ࡢ㔜」 ACK⌧㇟ࡀ≉ᐃ
ࡢ BFT࡟ j ಶࡍ࡭࡚ࡀグ㘓ࡉࢀࡿ☜⋡ࡣ N(-j+1)࡛࠶ࡿ㸬ࡇࡢࡓࡵ SCBFࢆ౑ࡗ࡚ Repeat 
count j ࡢ㔜」 ACK⌧㇟ࡀ࢝࢘ࣥࢺ࡛ࡁࡿ☜⋡ R(j)ࡣ(ᩘᘧ 4-5)࡜࡞ࡿ (ᅗ 4-4)㸬 
 (ᩘᘧ 4-5) 
౛࠼ࡤ N=2ࡢࣇ࢕ࣝࢱ࡛ j=3ࡢሙྜ㸪3ಶࡢྠࡌ ACK␒ྕࡀ୍᪉ࡢ BFT࡟ࡍ࡭࡚グ㘓
ࡉࢀࡿ☜⋡ࡣ 1/8㸪ࡶ࠺୍᪉ࡢ BFT ࡟ࡍ࡭࡚グ㘓ࡉࢀࡿ☜⋡ࡣ 1/8 Ꮡᅾࡍࡿ㸬ࡇࡢ⤖ᯝ㸪
Repeat count ࡀ 3 ࡢ㔜」 ACK⌧㇟ࡣぢ㏨ࡋ☜⋡ࡣ 1/4㸪࢝࢘ࣥࢺ☜⋡ࡣ 3/4࡜࡞ࡿ㸬 
  ࡇࡇ࡛ (ᩘᘧ 4-5)ࡢ Repeat count j ࡢ࢝࢘ࣥࢺ☜⋡࡜(ᩘᘧ 4-3)ࡢ Repeat count j ࡢⓎ
⏕☜⋡ࢆྠ᫬࡟⪃៖ࡍࡿࡇ࡜࡟ࡼࡾ㸪ᮏ᮶Ⓨ⏕ࡋࡓ㔜」 ACK ⌧㇟ࡢᩘ࡟ᑐࡍࡿ Repeat 
count j ࡢほ ☜⋡ Q(p㸪s㸪j) ࡀᑟฟ࡛ࡁࡿ(ᩘᘧ 4-6)㸬 
(ᩘᘧ 4-6) 
  ᐇ㝿࡟ࡣ࢚ࢡࢫ࣏࣮ࢱ࡛࢝࢘ࣥࢺ࡛ࡁࡿ㔜」 ACK⌧㇟ࡢᑕᙳࡣ Repeat countࡀ 2௨ୖ
ࡢ್ࢆࡍ࡭࡚࢝࢘ࣥࢺࡋࡓྜィ್ࡋ࠿ศ࠿ࡽ࡞࠸㸬ࡇࡢࡓࡵ㔜」ACK⌧㇟ࡢほ ☜⋡Q(p㸪
s)ࡶࡇࢀ࡟ᑐᛂࡍࡿ☜⋡(Repeat count ࡀ 2 ௨ୖࡢほ ☜⋡ࡢྜィ☜⋡)࡟ኚ᥮ࡍࡿ(ᩘᘧ 
4-7)㸬 
(ᩘᘧ 4-7) 
  ࡇࡇ࡛(ᩘᘧ 4-7)ࡣ jࡢࢩࢢ࣐ィ⟬ࢆ↓㝈኱ࡲ࡛⾜࠺ᚲせࡀ࠶ࡿࡀ㸪R(j)ࡢ㡯ࡣ jࡀ኱ࡁࡃ
࡞ࡿ࡜ࡍࡄ࡟ 1࡟₞㏆ࡍࡿᛶ㉁ࢆࡶࡘࡓࡵ㸪R( j )؆1࡜࡞ࡿ᭱ᑠࡢ jࢆM࡜ᐃ⩏ࡍࡿ࡜㸪(ᩘ
ᘧ 4-7)ࡣ(ᩘᘧ 4-8)ࡢࡼ࠺࡟ኚᙧ࡛ࡁࡿ㸬௬࡟ N=2࡛ R(j)>0.99ࢆ 1࡜㏆ఝࡍࡿሙྜ㸪M=8
࡜࡞ࡿ㸬 
¦¦ f
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u 
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(ᩘᘧ 4-8) 
 
  㔜」ACK⌧㇟ࡢᑕᙳ࡜ࡋ࡚࢝࢘ࣥࢺࡉࢀࡓ್ࢆBF࡜ᐃ⩏ࡍࡿ࡜ᮏ᮶Ⓨ⏕ࡋࡓ㔜」ACK
⌧㇟ࡢᩘ XBFࡣ(ᩘᘧ 4-9)࡛᥎ᐃ࡛ࡁࡿ㸬 
(ᩘᘧ 4-9) 
 
  ࡇࡇ࡛(ᩘᘧ 4-9)ࡣ஦๓࡟ࣃࢣࢵࢺࣟࢫ⋡ pࢆ▱ࡗ࡚࠾ࡃᚲせࡀ࠶ࡿࡀ㸪ᩥ ⊩[204]ྠᵝ㸪
㐺ᙜ࡞ p ( >0)ࢆ(ᩘᘧ 4-9)࡟௦ධࡋ࡚཯᚟ィ⟬ࢆ⾜࠺࡜㸪┿ࡢࣃࢣࢵࢺࣟࢫ⋡࡟཰᮰ࡍࡿ㸬 
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4.3.3 ࢝࢘ࣥࢱᐇ⿦ 
ᮏ㡯࡛ࡣ 4.3.1 㡯ࡢ SCBF ࢆᐇ⌧ࡍࡿࡓࡵࡢᐇ⿦࡟ࡘ࠸࡚ලయⓗ࡟ㄝ᫂ࡍࡿ㸬SCBF ࡛
ACK ␒ྕࢆ඲࡚グ㘓࡛ࡁࡿࣈ࣮࣒ࣝࣇ࢕ࣝࢱࢆ⏝ពࡋ࡚㔜」 ACK ⌧㇟ࡢᑕᙳ್ࢆ࢝࢘ࣥ
ࢺࡍࡿሙྜ㸪512MB(=232bit)ࡢグ᠈㔞ࢆᣢࡘࣈ࣮࣒ࣝࣇ࢕ࣝࢱࡀᚲせ࡜࡞ࡿ㸬௬࡟ 1K ࣇ
࣮ࣟࡢィ ࢆ⾜࠺ࡓࡵ࡟ࡣ 1TB(BFT2ಶ㸪1Kࣇ࣮ࣟ/BFT)ࡢ࣓ࣔࣜ㔞࡜࡞ࡿ㸬ࡇࡢ㔞ࢆ࢚
ࢡࢫ࣏࣮ࢱ࡟ഛ࠼ࡿࡢࡣ⌧ᐇⓗ࡛ࡣ࡞ࡃ㸪᝟ሗࢆᅽ⦰ࡍࡿᚲせࡀ࠶ࡿ㸬ࡇࡇ࡛ 32bitࡢ⠊ᅖ
ࢆ࢝ࣂ࣮ࡍࡿ㛵ᩘ࡛༢⣧࡟෗ീࡍࡿ࡜ࣈ࣮࣒ࣝࣇ࢕ࣝࢱࡢᨃ㝧ᛶࡀ኱ࡁࡃ㸪᥎ᐃㄗᕪࡀ⏕
ࡌࡿ㸬ࡑࡇ࡛ TCP ࡣ ACK ␒ྕࡀ᪼㡰࡟฿╔ࡍࡿ࡜࠸࠺ᛶ㉁ࢆ⪃៖㸦࠶ࡿ ACK ␒ྕࡢḟ
࡟ࡣࡑࡢ㏆ഐࡢ ACK␒ྕࡀ฿╔ࡍࡿ㸧ࡋ࡚㸪ほ ฟ᮶ࡓ ACK␒ྕ࿘㎶ࢆ㞟୰ⓗ࡟グ㘓ࡍ
ࡿࣈ࣮࣒ࣝࣇ࢕ࣝࢱࢆసᡂࡋ㸪ᨃ㝧ᛶࢆᑠࡉࡃࡍࡿ㸬ࡇࡢࣈ࣮࣒ࣝࣇ࢕ࣝࢱࡣ㸪㡿ᇦࢆᅗ 4-5
ࡢࡼ࠺࡟౑⏝ࡋ㸪฼⏝ࡍࡿ࣓ࣔࣜ㔞ࢆ๐ῶࡍࡿ࢝࢘ࣥࢱࢆసᡂࡍࡿ㸬TCP ࡢ ACK ␒ྕࡣ
ࣃࢣࢵࢺࢧ࢖ࢬ༢఩࡟༢⣧ቑຍࡍࡿ㸬ࣃࢣࢵࢺࢧ࢖ࢬࡣ⣙༙ศࡀ MTU (maximum 
transmission unit) ࡛࠶ࡿ 1500ࣂ࢖ࢺ๓ᚋ㸪ṧࡾࡢ༙ศࡀ ACKࡢᩘ༑ࣂ࢖ࢺ࡛࠶ࡿࡓࡵ
[218-220]㸪1500 ㏆㎶ࡢ␒ྕࢆ☜ㄆ࡛ࡁࡿ㡿ᇦ(ᅗ 4-5 ࡢ c)࡜ ACK ␒ྕࡢኚ໬ࡢ᭷↓ࡢࡳ
ࢆ☜ㄆࡍࡿࡓࡵࡢ㡿ᇦ(ᅗ 4-5ࡢ a)ࢆ㔜Ⅼⓗ࡟ほ ࡍࡿ㸬୍ ᪉࡛ᩘ༑࠿ࡽᩘⓒࡢ␒ྕࡢኚ໬
ࢆ⾲ࡍ㡿ᇦ(ᅗ 4-5ࡢ b)ࡣほ ࡋ࡞࠸㸬 
ྠ᫬࡟ࣈ࣮࣒ࣝࣇ࢕ࣝࢱ࡛グ㘓ࡋ࡚࠸ࡿୖ఩ࣅࢵࢺ(ᅗ 4-5ࡢ d)ࡶグ㘓ࡋ࡚࠾ࡁ㸪᱆ୖࡀ
ࡾࡢ᭷↓ࢆࢳ࢙ࢵࢡࡍࡿ㸬᱆ୖࡀࡾࡀⓎ⏕ࡍࡿ࡜㸪᱆ୖࡀࡾⓎ⏕๓ࡲ࡛ࡢ㔜」 ACK⌧㇟ࡢ
ᑕᙳ್ࡢ㞟ィฎ⌮ࢆ⾜࠸㸪ࣈ࣮࣒ࣝࣇ࢕ࣝࢱࢆ 0 ࢡࣜ࢔ࡍࡿ㸬ࡑࡢᚋ࡟᱆ୖࡀࡾཎᅉ࡜࡞
ࡗࡓ ACK␒ྕࢆ้༳ࡍࡿ㸬 
 
ᅗ 4-5 ACK␒ྕ࡜ࣈ࣮࣒ࣝࣇ࢕ࣝࢱࡢࣅࢵࢺࡢᑐᛂ 
TCPACK number (32bit)
16151413121110 9 8 7 6 5 4 3 2 1 031 ὉὉὉ
102365535 7
abcdignore
1 0121110 9
c
1413
d a
The Bloom Filter 
for recording ACK number
16151413121110 9 8 7 6 5 4 3 2 1 063 ὉὉὉ
6bit
)2(64 6 bit
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ୖグࡢ⪃࠼࡟ࡼࡾ㸪㏻㐣ࡋࡓ ACK␒ྕࡢ≉ᐃ㡿ᇦࢆほ ࡋ㸪ࣃࢣࢵࢺ㏻㐣ࡢ᭷↓ࢆࣈࣝ
࣮࣒ࣇ࢕ࣝࢱ࡟グ㘓ࡍࡿ㸬౛࠼ࡤ a=2bit㸪 b=7bit㸪 c=4bit ࡜ࡋࡓሙྜ㸪ACK␒ྕ 8000 
(2㐍ᩘ⾲グ 1111101000000)ࡢࣃࢣࢵࢺࡢ a㸪c㡿ᇦࢆほ ࡍࡿ࡜ 60(2㐍ᩘ⾲グ 111100)࡜
࡞ࡾ㸪ࣈ࣮࣒ࣝࣇ࢕ࣝࢱࡢ 60ࣅࢵࢺ┠࡟ 1ࢆグ㘓ࡍࡿ㸬ࡇࡢሙྜ࡛ࡣࣈ࣮࣒ࣝࣇ࢕ࣝࢱࡢ
ࢧ࢖ࢬࡣࣇ࣮ࣟẖ࡟ 64(=26)bit࡜࡞ࡾ㸪௬࡟ 1Kࣇ࣮ࣟࡢィ ࢆ⾜࡞࠺ሙྜ㸪16KB⛬ᗘࡢ
࣓ࣔࣜ㔞࡟ᢚ࠼ࡿࡇ࡜ࡀ࡛ࡁࡿ㸬 
࡞࠾ᮏ౛࡛ࡣ1500ࣂ࢖ࢺ࡜ᩘ༑ࣂ࢖ࢺࡢࣃࢣࢵࢺࢧ࢖ࢬ࡟╔┠ࡋࡓࣈ࣮࣒ࣝࣇ࢕ࣝࢱࢆ
ᵓᡂࡋࡓࡀ㸪ࢿࢵࢺ࣮࣡ࢡ࡟ࡼࡗ࡚ࡣ௚ࡢࣃࢣࢵࢺ㛗ࡀከ࠸ሙྜࡶ࠶ࡿ㸬ࡑࡢሙྜ࡛ࡶ㸪
ྠᵝ࡟㸪ὀ┠ࡍ࡭ࡁࣃࢣࢵࢺ㛗ࢆ㔜Ⅼⓗ࡟グ㘓ࡍࡿࣈ࣮࣒ࣝࣇ࢕ࣝࢱࢆᵓᡂࡍࢀࡤⰋ࠸㸬 
 
4.4 ᐇ⿦ࢩࢫࢸ࣒ 
 
ᅗ 4-6 ホ౯⎔ቃ 
 
⾲ 4-1 ࣐ࢩࣥࢫ࣌ࢵࢡ(࢚ࢡࢫ࣏࣮ࢱ࡜ࢥࣞࢡࢱ) 
 
 
ࣇ࣮ࣟィ ࢩࢫࢸ࣒ࡢࣉࣟࢺࢱ࢖ࣉࢆヨసࡋ㸪ホ౯⏝ࡢࢸࢫࢺ࣋ࢵࢺࢆᵓ⠏ࡋࡓ㸬ࡇࡢ
ࢩࢫࢸ࣒࡛ࡣᥦ᱌ᡭἲ࡜ᚑ᮶ᡭἲ(ᩥ⊩[204])ࡢ஧✀㢮ࡢᡭἲࢆᐇ⿦ࡋࡓ㸬㉳ືࡍࡿࢯࣇࢺ
࢙࢘࢔ࢆษࡾ᭰࠼ࡿࡇ࡜࡛୧ᡭἲࢆẚ㍑ࡍࡿ㸬௨ୗ࡟ホ౯⎔ቃࢆグ㍕ࡍࡿ㸬ࡲࡓホ౯࡟౑
⏝ࡋࡓ࣐ࢩࣥࢫ࣌ࢵࢡࢆ⾲ 4-1࡟グ㍕ࡍࡿ㸬 
DATA
ACK
Network delay (2 msec)
Sending node Receiving node
Random losses are generated
(Packet loss rate 0.1% - 3.5%) Random sampling
(Sampling rate 1/1 - 1/10)
TCP NewReno
Measurement term
(30 seconds)
loss
Exporter
Collector
IPFIX
Exporter Collector
CPU
Intel(R) Core™2 DuO
E6750 2.66GHz
Intel(R) Core™2 DuO
E8400 3.00GHz
Mempry 2.58GB 2GB
OS Fedora Fedora
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1. ホ౯⎔ቃ 
ホ౯⎔ቃࢆᅗ 4-6 ࡟♧ࡍ㸬㏦ཷデ➃ᮎ㛫࡟࢚࣑࣮ࣗࣞࢱ࡜࢚ࢡࢫ࣏࣮ࢱࢆᤄධࡋࡓ㸬
࢚࣑࣮ࣗࣞࢱ࡛ࡣ࣮࢝ࢿࣝࡢ࢚࣑࣮ࣗࣞࢱࢆ฼⏝ࡋ㸪TCP ࡢࢹ࣮ࢱࡀὶࢀࡿ᪉ྥ࡟ࣃ
ࢣࢵࢺࣟࢫࢆタᐃࡋࡓ㸬࢚ࢡࢫ࣏࣮ࢱ࡛ࣃࢣࢵࢺࢆほ ࡋࡓ㸬 
2. ほ ⎔ቃ 
࢚ࢡࢫ࣏࣮ࢱ࡛ ACKࣃࢣࢵࢺࢆほ ࡋ㸪ࢥࣞࢡࢱ࡛㔜」 ACK⌧㇟ࡢᩘࢆ᥎ᐃࡍࡿ㸬
࢚ࢡࢫ࣏࣮ࢱ࡜ࢥࣞࢡࢱ㛫ࡢ㌿㏦ࣉࣟࢺࢥࣝࡣ IPFIX ࣇ࢛࣮࣐ࢵࢺࢆ౑࠺㸬ᥦ᱌ᡭἲ
࡛ࡣ⤫ィ㔞(㔜」 ACK ⌧㇟ࡢᑕᙳ್)ࢆ㌿㏦ࡋ㸪ᚑ᮶ᡭἲ࡛ࡣࣃࢣࢵࢺ࣊ࢵࢲࢆࡑࡢࡲ
ࡲ㌿㏦ࡍࡿ㸬 
3. ᅇ⥺㐜ᘏ 
End-to-Endࡢఏᦙ㐜ᘏࡣ 2msec࡜ࡍࡿ㸬ࡇࡢ࡜ࡁ Round Trip Time (RTT)ࡣ⣙ 4msec
࡜࡞ࡿ㸬 
4. ほ ᫬㛫 
ࢥࣞࢡࢱ࡛ࡢࣃࢣࢵࢺࣟࢫ᥎ᐃ㛫㝸ࡣ 30⛊࡜タᐃࡋࡓ㸬ᥦ᱌ᡭἲ࡛ࡣ࢚ࢡࢫ࣏࣮ࢱ࠿
ࡽࢥࣞࢡࢱ࡟࣏࣮ࣞࢺࢆ㏦௜ࡍࡿ㛫㝸ࢆ 5 ⛊࡜ࡋࡓ㸬ᚑ᮶ᡭἲ࡛ࡣ࢚ࢡࢫ࣏࣮ࢱ࡛ࣃ
ࢣࢵࢺ࣊ࢵࢲࢆ཰㞟ࡋ㸪IPFIXࣃࢣࢵࢺࡀ୍ᐃ㛗௨ୖ࡟࡞ࡿẖ࡟ࢥࣞࢡࢱ࡟㌿㏦ࡍࡿ㸬
ᚑ᮶ᡭἲ࡛㸪⤫ィⓗ࡟ಙ㢗ࡢ࡛ࡁࡿ್ࢆᚓࡿࡓࡵ࡟ࡣ㸪ఏᦙ㐜ᘏࡀ 2msec ࡛ᩘ⛊ࡢィ
 ᫬㛫ࡀᚲせ࡛࠶ࡿ[221]㸬30⛊ࡢィ ࡣᚲせィ ᫬㛫ࡢᩘಸࡢ㛗ࡉ࡜࡞ࡿࡓࡵ㸪ᚓࡽ
ࢀࡓ⤖ᯝࡣࢧࣥࣉࣝᩘࡢほⅬ࠿ࡽࡣ༑ศಙ㢗ฟ᮶ࡿ್࡜࡞ࡿ㸬 
5. ࢺࣛࣄࢵࢡࡢⓎ⏕᪉ἲ 
ᐇ㦂࡛ࡣ Iperf ࢆ⏝࠸࡚ࢺࣛࣄࢵࢡࢆⓎ⏕ࡉࡏࡓ㸬Iperf ࡛ྠ᫬࡟Ⓨ⏕ࡍࡿࡇ࡜ࡢ࡛ࡁ
ࡿࣇ࣮ࣟᮏᩘࡣᩘⓒᮏ⛬ᗘ࡛࠶ࡿ㸬ᮏホ౯࡛ࡣ኱㔞ࡢࣇ࣮ࣟᩘࢆホ౯ࡍࡿࡓࡵ࡟௨ୗ
ࡢᡭἲ࡟ࡼࡾ࢚ࢡࢫ࣏࣮ࢱ࠿ࡽࢥࣞࢡࢱ࡟㏦௜ࡍࡿࢹ࣮ࢱࢆ⏕ᡂࡋࡓ㸬 
I. Iperf࡛ᩘⓒᮏࡢࢺࣛࣄࢵࢡࢆⓎ⏕ࡉࡏ࢚ࢡࢫ࣏࣮ࢱ࡛ほ ࡍࡿ㸬࢚ࢡࢫ࣏࣮ࢱࡣ
ࣇ࣮ࣟẖࡢ㔜」 ACK ࡢᑕᙳ್ࢆ࢝࢘ࣥࢺࡋࡓᚋ࡟㸪⤖ᯝࢆࢥࣞࢡࢱ࡟㏦௜ࡍࡿ㸬
ࡇࡢ࡜ࡁ࢚ࢡࢫ࣏࣮ࢱ࠿ࡽࢥࣞࢡࢱ࡟㏦௜ࡍࡿࢹ࣮ࢱࢆࣟࢢ࡟グ㘓ࡍࡿ㸬 
II. ෌ࡧ Iperf࡛ᩘⓒᮏࡢࢺࣛࣄࢵࢡࢆⓎ⏕ࡉࡏ࢚ࢡࢫ࣏࣮ࢱ࡛ほ ࡍࡿ㸬1࡜ྠᵝ࡟
࢚ࢡࢫ࣏࣮ࢱ࠿ࡽࢥࣞࢡࢱ࡟㏦௜ࡍࡿࢹ࣮ࢱࢆࣟࢢ࡟グ㘓ࡍࡿ㸬 
III. 1ࡢࣟࢢ࡜ 2ࡢࣟࢢࢆ࣐࣮ࢪࡍࡿ㸬࣐࣮ࢪࡍࡿ㝿࡟ࡣ 1ࡢࣟࢢ࡜ 2ࡢࣟࢢࡢ᭱ึࡢ
᫬㛫ࢆᇶ‽᫬㛫࡜ࡋ㸪ᇶ‽ᮇ㛫࠿ࡽࡢ┦ᑐ᫬้࡛グ㘓ࡍࡿ㸬 
IV. ࣟࢢ࡟ྵࡲࢀࡿࣇ࣮ࣟᩘࡀィ ࡋࡓ࠸ᮏᩘ࡟࡞ࡿࡲ࡛ 1㹼3ࢆ⧞ࡾ㏉ࡍ㸬 
V. ࣇ࣮ࣟᮏᩘࡀィ ࡋࡓ࠸ᮏᩘ࡟㐩ࡍࡿ࡜㸪࢚ࢡࢫ࣏࣮ࢱ࠿ࡽ㐺ษ࡞࣮ࣞࢺ࡛ࢥࣞ
ࢡࢱ࡟ࢹ࣮ࢱࢆ㏦௜ࡍࡿ㸬 
 
 65 
 
4.5 ᐇᶵᛶ⬟ホ౯ 
ホ౯⎔ቃࢆ౑࠸㸪1)᥎ᐃ⢭ᗘホ౯㸪2)SCBF࢝࢘ࣥࢱᛶ⬟ホ౯㸪3)ࢥࣞࢡࢱࡢ㈇Ⲵホ౯ࡢ
3✀㢮ࡢホ౯ࢆᐇ᪋ࡋࡓ㸬ᮏ❶࡛ࡑࡢ⤖ᯝࢆ♧ࡍ㸬 
 
4.5.1 ᥎ᐃ⢭ᗘホ౯ 
  ᮏ㡯࡛ࡣᥦ᱌ᡭἲࡢ᥎ᐃ⢭ᗘ࡟㛵ࡍࡿホ౯ࢆ⾜࠺㸬ࡣࡌࡵ࡟ྛ✀ᡭἲ࡜ࡢ⢭ᗘࢆẚ㍑ࡋ㸪
ḟ࡟ᵝࠎ࡞ࣃ࣓ࣛࢱ࡛ᥦ᱌ᡭἲࡢ⢭ᗘࢆㄪᰝࡍࡿ㸬 
 
I. ྛᡭἲ࡛ࡢ᥎ᐃ⢭ᗘẚ㍑(s=1/4) 
  ᮏ㡯࡛ࡣ s=1/4㸪N=2㸪m=32ࡢ᮲௳࡛ྛ✀ࣃࢣࢵࢺࣟࢫ᥎ᐃᡭἲࢆẚ㍑ࡋࡓ㸬⤖ᯝࢆᅗ 
4-7࡟♧ࡍ㸬ࡇࡇ࡛ẚ㍑ࡋ࡚࠸ࡿᡭἲࡣ௨ୗࡢ 5✀㢮࡛࠶ࡿ㸬 
 
A) ACK/Th㸸ᚑ᮶ᡭἲ࡛ࡢ㔜」 ACK⌧㇟ࡢほ ್࠿ࡽ⤫ィⓗ࡞⿵ṇࢆ⾜ࢃࡎࣃࢣࢵ
ࢺࣟࢫ⋡ࢆ⟬ฟ 
B) X_(ACK)㸸ᚑ᮶ᡭἲ(A ࡢほ ್࡟(ᩘᘧ 4-4)ࡢ⿵ṇࢆ⾜࠸᥎ᐃࡋࡓࣃࢣࢵࢺࣟࢫ
⋡) 
C) BF/Th㸸ᥦ᱌ᡭἲ࡛ࡢࣈ࣮࣒ࣝࣇ࢕ࣝࢱほ ⤖ᯝ࠿ࡽ⤫ィⓗ࡞⿵ṇࢆ⾜ࢃࡎࣃࢣࢵ
ࢺࣟࢫ⋡ࢆ⟬ฟ 
D) X_(BF)㸸ᥦ᱌ᡭἲ(Cࡢほ ್࡟(ᩘᘧ 4-9)ࡢ⿵ṇࢆ⾜࠸᥎ᐃࡋࡓࣃࢣࢵࢺࣟࢫ⋡) 
E) True㸸᥎ᐃࣃࢣࢵࢺࣟࢫ⋡ࡀᐇ㝿ࡢࣃࢣࢵࢺࣟࢫ⋡ࢆṇࡋࡃ᥎ᐃ࡛ࡁࡿሙྜ㸬A
㹼Dྛᡭἲࡢ᥎ᐃ⤖ᯝࡀࡇࡢ್࡜㏆࠸࡯࡝⢭ᗘࡀ㧗࠸ࡇ࡜ࢆព࿡ࡍࡿ㸬 
  
 ࡞࠾ᚑ᮶ᡭἲ࡛ࡣ㔜」 ACK⌧㇟ࡢィ ࡛ࣈ࣮࣒ࣝࣇ࢕ࣝࢱࡣ⏝࠸࡚࠾ࡽࡎ㸪ィ ࡋࡓ᭱
ᚋࡢACK␒ྕࢆグ㘓ࡋ࡚࠾ࡁ㸪ࣃࢣࢵࢺྲྀᚓẖ࡟㔜」ࡀⓎ⏕ࡋࡓ࠿࡝࠺࠿ࢆ☜ㄆࡋ࡚࠸ࡿ㸬
A࡜ Cࢆẚ㍑ࡍࡿ࡜㸪ࣃࢣࢵࢺࣟࢫ⋡ࡢ㧗࠸㡿ᇦ࡛ࡣ㸪ᚑ᮶ᡭἲࡢほ ್ Aࡣ⌮᝿ⓗ࡞್
Eࡢ 50%⛬ᗘ㸪ᥦ᱌ᡭἲࡢほ ್ Cࡣ 35%⛬ᗘ࡛࠶ࡿ㸬Cࡣ Aࡼࡾࡶ 15%⛬ᗘ࢝࢘ࣥࢺ್
ࡀᑠࡉ࠸㸬ࡇࢀࡣ SCBFࢆ౑࠺ࡇ࡜࡛ぢ㏨ࡋࡀⓎ⏕ࡋ㸪Cࡣ A࡟ (ᩘᘧ 4-5)ࢆ஌⟬ࡋࡓศ
ࡢ㔜」 ACK⌧㇟ࡋ࠿ほ ࡛ࡁ࡞࠸࠿ࡽ࡛࠶ࡿ㸬ࡋ࠿ࡋ࡞ࡀࡽᚑ᮶ᡭἲ B࡜ᥦ᱌ᡭἲ Dࢆ
ẚ㍑ࡍࡿ࡜㸪B࡜ Dࡢ᥎ᐃ⤖ᯝࡣ⌮᝿ⓗ࡞್ E࡜ࡢㄗᕪࡀ 20%௨ୗ࡟཰ࡲࡗ࡚࠸ࡿ㸬ࡇࡢ
࡜ࡁ B࡜ Dࡢ஋㞳ࡶ 10%௨ୗ࡛࠶ࡿ㸬ࡼࡗ࡚ᥦ᱌ᡭἲࡣᚑ᮶ᡭἲྠᵝ࡟ṇࡋ࠸ࣃࢣࢵࢺࣟ
ࢫ⋡ࢆ᥎ᐃ࡛ࡁ࡚࠸ࡿ㸬ࡉࡽ࡟(ᩘᘧ 4-9)࡟ࡼࡿ☜⋡⿵ṇࡀṇࡋࡃᶵ⬟ࡋ࡚࠸ࡿ࡜ゝ࠼ࡿ㸬
ᚑ᮶᪉ἲ B ࡢ Qack(p㸪s)ࡸᥦ᱌ᡭἲ D ࡢ Q(p㸪s)ࡣࣃࢣࢵࢺࣟࢫ⋡ࡀᑠࡉࡃ࡞ࡿ࡯࡝ほ 
☜⋡ࡀ኱ࡁࡃ࡞ࡿࡓࡵ㔜」 ACK⌧㇟ࡢⓎ⏕ࢆぢ㏨ࡍ☜⋡ࡀᑠࡉࡃ࡞ࡿ㸬ࡇࡢࡓࡵࣃࢣࢵࢺ
ࣟࢫ⋡ࡀప࠸㡿ᇦ࡛᥎ᐃ⢭ᗘࡀⰋࡃ࡞ࡗ࡚࠸ࡿ㸬  
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II. ᥎ᐃ⢭ᗘ 
  ḟ࡟ࢧࣥࣉࣜࣥࢢ☜⋡ࢆ s=1/K (Kࡣ 1࠿ࡽ 10ࡲ࡛ࡢ 10✀㢮)࡜ࡋࡓ㝿ࡢ᥎ᐃ⢭ᗘࢆホ
౯ࡋࡓ㸬ࡇࡇ࡛᥎ᐃ⢭ᗘࡢᣦᶆ࡜ࡋ࡚(ᩘᘧ 4-10)ࡢ࢚࣮ࣛ⋡ࢆᐃ⩏ࡍࡿ㸬pࡣᐇ㝿ࡢࣃࢣࢵ
ࢺࣟࢫ⋡㸪Xࡣ᥎ᐃࣃࢣࢵࢺࣟࢫ⋡࡛࠶ࡿ㸬  
 (ᩘᘧ 4-10) 
 
  ᅗ 4-8 ࡣᥦ᱌ᡭἲࡢࣈ࣮࣒ࣝࣇ࢕ࣝࢱほ ⤖ᯝ࠿ࡽ⤫ィⓗ࡞⿵ṇࢆ⾜ࢃࡎ࡟⟬ฟࡋࡓࣃ
ࢣࢵࢺࣟࢫ⋡ࢆ(ᩘᘧ 4-10)ࡢ X ࡟௦ධࡋࡓ㝿ࡢ࢚࣮ࣛ⋡࡛࠶ࡿ㸬ࣃࢣࢵࢺࣟࢫ⋡ࡀ㧗ࡃ࡞
ࡿ㸪࠶ࡿ࠸ࡣࢧࣥࣉࣜࣥࢢ☜⋡ࡀᑠࡉࡃ࡞ࡿ࡟ᚑ࠸ᐇ㝿ࡢ್࠿ࡽ஋㞳ࡋ࡚࠸ࡃࡇ࡜ࡀศ࠿
ࡿ㸬 
୍᪉㸪ᅗ 4-9ࡣᥦ᱌ᡭἲ࡛⟬ฟࡋࡓࣃࢣࢵࢺࣟࢫ⋡ࢆ(ᩘᘧ 4-10)ࡢ X࡟௦ධࡋࡓ㝿ࡢ࢚
࣮ࣛ⋡࡛࠶ࡿ㸬s=1/10 ࡜ࣃࢣࢵࢺࣟࢫ⋡ࡀᩘ%⛬ᗘᏑᅾࡍࡿ㡿ᇦ࡛ࡣ࢚࣮ࣛ⋡ࡀ㧗࠸ࡀ㸪
ࡑࢀ௨እࡢ㡿ᇦ࡛ࡣ࢚࣮ࣛ⋡ࡀ 20%௨ୗ࡟཰ࡲࡗ࡚࠾ࡾ㸪(ᩘᘧ 4-9)ࡢ⿵ṇࢆ⾜࠺ࡇ࡜࡟ࡼ
ࡾ࢚࣮ࣛ⋡ࡀ኱ᖜ࡟ୗࡀࡿࡇ࡜ࡀ☜ㄆ࡛ࡁࡿ㸬 
࡞࠾ᅗ 4-8 ࡛ࡣࢧࣥࣉࣜࣥࢢ࣮ࣞࢺࡀపࡃ࡞ࡿ㸪࠶ࡿ࠸ࡣࣃࢣࢵࢺࣟࢫ⋡ࡀ㧗ࡃ࡞ࡿ࡟
ࡘࢀ㸪࢚࣮ࣛ⋡ࡀୖ᪼ࡍࡿ࡜࠸࠺୍⯡ⓗ࡞ഴྥࡀࡁࢀ࠸࡟ㄞࡳྲྀࢀࡿࡓࡵ㔜」 ACK⌧㇟ࡢ
ᑕᙳ್ࡢࢧࣥࣉࣝᩘࡣ༑ศ࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿ㸬୍᪉㸪ᅗ 4-9 ࡛ࡣࢧࣥࣉࣜࣥࢢ࣮ࣞࢺࡸ
ࣃࢣࢵࢺࣟࢫ⋡࡟ࡼࡾ࢚࣮ࣛ⋡ࡀୖୗࡋ࡚࠸ࡿ㸬ࡋ࠿ࡋ࡞ࡀࡽඖ࡜࡞ࡿ㔜」 ACK⌧㇟ࡢᑕ
ᙳ್ࡢࢧࣥࣉࣝᩘࡣᅗ 4-8 ࡜ྠ➼࡛࠶ࡿࡓࡵࢧࣥࣉࣝᩘࡣ༑ศ࡞್࡛࠶ࡿ㸬ࡇࢀࡣ(ᩘᘧ 
4-3)ࢆᑟධࡍࡿ㝿ࡢ㏆ఝ㸦Repeat count jࡢศᕸࡣ࣏࢔ࢯࣥศᕸ࡟ᚑ࠺㸧࡟ࡼࡿㄗᕪ࡟ࡼࡾ
Ⓨ⏕ࡋ࡚࠸ࡿ࡜⪃࠼ࡽࢀࡿ㸬 
ࡲࡓᅗ 4-8ࡸᅗ 4-9࡛ࡣࣃࢣࢵࢺࣟࢫ⋡ 0.1%௨ୗࡣࢢࣛࣇ໬ࡋ࡚࠸࡞࠸ࡀ㸪ࡇࡢ㡿ᇦ࡛
ࡣ⿵ṇࡢ᭷↓࡟㛵ࢃࡽࡎ࢚࣮ࣛ⋡ࡀపࡃ࡞ࡿ㸬ࡇࢀࡣᥦ᱌ᡭἲࡢほ ☜⋡ Q(p㸪s)ࡣࣃࢣࢵ
ࢺࣟࢫ⋡ p࡜ࣃࢣࢵࢺࢧࣥࣉࣜࣥࢢ☜⋡ s࡛Ỵᐃࡉࢀࡿ࠿ࡽ࡛࠶ࡿ㸬s=0.25࡛ࣃࢣࢵࢺࢧ
ࣥࣉࣜࣥࢢࢆ⾜ࡗ࡚ࡶ㸪ࣃࢣࢵࢺࣟࢫ⋡ࡀప࠸ሙྜ(p<0.1)ࡣ㸪(ᩘᘧ 4-8)ࡢほ ☜⋡ Q ࡢ
್ࡀ࡯ࡰ 1࡜࡞ࡿ㸬ࡇࢀࡣⓎ⏕ࡋࡓ㔜」 ACK⌧㇟ࢆ࡯࡜ࢇ࡝ぢ㏨ࡍࡇ࡜࡞ࡃほ ࡛ࡁࡿࡇ
࡜ࢆព࿡ࡍࡿ㸬ࡇࡢࡓࡵ࢚࣮ࣛ⋡ࡀప࠸㸬 
  
 
 
 
 
 
 
 
p
pXError ||  
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ᅗ 4-7 ྛᡭἲ࡛ࡢ᥎ᐃ⤖ᯝ(s=1/4) 
 
 
ᅗ 4-8 ⿵ṇィ⟬๓ࡢ࢚࣮ࣛ⋡ 
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ᅗ 4-9 ⿵ṇィ⟬ᚋࡢ࢚࣮ࣛ⋡ 
 
 
ᅗ 4-10 ྛࣅࢵࢺᩘ(BF)࡛ࡢ᥎ᐃ⤖ᯝ(N=2) 
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ᅗ 4-11 ྛᯛᩘ(BF)ࡢ᥎ᐃ⤖ᯝ(m=32bit) 
 
4.5.2 SCBF࢝࢘ࣥࢱᛶ⬟ホ౯ 
SCBFࡣ⏝ពࡍࡿࣈ࣮࣒ࣝࣇ࢕ࣝࢱࢧ࢖ࢬ࡜ᯛᩘ࡟ࡼࡾ㔜」ACK⌧㇟ࢆ࢝࢘ࣥࢺࡍࡿ㝿
ࡢぢ㏨ࡋ㔞ࡀ␗࡞ࡿ㸬ᮏ⠇࡛ࡣࡇࢀࡽࡢࣃ࣓ࣛࢱࢆኚ໬ࡉࡏ࡚ᐇ㝿ࡢࢩࢫࢸ࣒࡛㐺⏝ྍ⬟
࡞ࣃ࣓ࣛࢱ࡟ࡘ࠸࡚ㄪᰝࡍࡿ㸬 
 
I. ࣈ࣮࣒ࣝࣇ࢕ࣝࢱࡢࢧ࢖ࢬホ౯ 
  SCBFࡢᯛᩘࢆN=2࡛ᅛᐃࡋ㸪ࣈ࣮࣒ࣝࣇ࢕ࣝࢱ 1ࣞࢥ࣮ࢻࡢࣅࢵࢺᩘmࡢ㐪࠸࡟ࡼࡿ
᥎ᐃ⢭ᗘࡢኚ໬ࢆホ౯ࡍࡿ㸬ᮏ㡯࡛ࡣ௨ୗࡢ 4✀㢮ࢆホ౯ࡋࡓ㸬ࡇࡇ࡛ࡢ a㸪b㸪c㸪dࡣᅗ 
4-5࡟♧ࡍ⠊ᅖ࡛࠶ࡿ㸬 
A) 32bit (a=1bit㸪 b=9bit㸪 c=4bit㸪 d=18bit) 
B) 128bit (a=2bit㸪 b=7bit㸪 c=5bit㸪 d=18bit) 
C) 512bit (a=3bit㸪 b=5bit㸪 c=6bit㸪 d=18bit) 
D) 256Kbit (a=9bit㸪 b=0bit㸪 c=9bit㸪 d=14bit) 
  ᅗ 4-10࡟ s=1/4ࡢ᮲௳࡛ࡢ A㸪B㸪C㸪Dࡢ᥎ᐃ⤖ᯝࢆ♧ࡍ㸬BF/Thࡣࣈ࣮࣒ࣝࣇ࢕ࣝ
ࢱほ ⤖ᯝ࠿ࡽ⤫ィⓗ࡞⿵ṇࢆ⾜ࢃࡎࣃࢣࢵࢺࣟࢫ⋡ࢆ⟬ฟࡋࡓ⤖ᯝ࡛࠶ࡿ㸬X_(BF)ࡣᥦ
᱌ᡭἲ(ほ ⤖ᯝ࡟(ᩘᘧ 4-9)ࡢ⿵ṇࢆ⾜࠸᥎ᐃࡋࡓࣃࢣࢵࢺࣟࢫ⋡)࡛࠶ࡿ㸬ᮏィ ᮲௳ࡢ
ሙྜ㸪BF/Th㸪X_(BF)ඹ࡟࡝ࡢ᮲௳࡛ࡶ A࠿ࡽ Dࡢィ ⤖ᯝࡢᕪࡣ 1%௨ෆ࡛࠶ࡿ㸬ࣅࢵ
ࢺᩘ࡟㛵ಀ࡞ࡃྠ୍ࡢ್࡜࡞ࡗ࡚࠸ࡿࡇ࡜ࢆ☜ㄆࡋࡓ㸬ࡇࢀࡼࡾᮏィ ᮲௳࡛ࡣࣈ࣮࣒ࣝ
ࣇ࢕ࣝࢱ 1ࣞࢥ࣮ࢻࡢࣅࢵࢺᩘࡀm=32࡛ࡶၥ㢟࡞ࡃࣃࢣࢵࢺࣟࢫ⋡ࢆ᥎ᐃ࡛ࡁࡿ㸬 
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II. ࣈ࣮࣒ࣝࣇ࢕ࣝࢱࡢᯛᩘホ౯ 
Iࡢホ౯࡟ࡼࡾࣈ࣮࣒ࣝࣇ࢕ࣝࢱ1ࣞࢥ࣮ࢻࡢࣅࢵࢺᩘࡣ32bit(a=1bit㸪 b=9bit㸪 c=4bit㸪 
d=18bit)࡛༑ศ࡛࠶ࡿ㸬ࡇࡢタᐃ࡛ࣈ࣮࣒ࣝࣇ࢕ࣝࢱࡢᯛᩘࢆ N=2࠿ࡽ 5࡜ኚ໬ࡉࡏࡓ࡜
ࡁࡢ᥎ᐃ⢭ᗘࢆホ౯ࡋࡓ㸬 
ᅗ 4-11࡟ s=1/4ࡢ᮲௳࡛ࡢ᥎ᐃ⤖ᯝࢆ♧ࡍ㸬๓㡯࡜ྠᵝ࡟ BF/Thࡣ(ᩘᘧ 4-9)ࡢ⿵ṇ๓
ࡢ᥎ᐃ್㸪X_(BF)ࡣ(ᩘᘧ 4-9)ࡢ⿵ṇᚋࡢ᥎ᐃ್ࢆ♧ࡍ㸬⿵ṇ๓ࡢ᥎ᐃ್ࡣ N ࡢ್࡟ࡼࡗ
࡚ኚ໬ࡋ࡚࠾ࡾ㸪Nࡀ኱ࡁ࠸᪉ࡀ㸪᥎ᐃ್ࡀ⌮᝿ⓗ࡞್࡟㏆࠸㸬ࡇࢀࡣ Nࡀ኱ࡁࡃ࡞ࡿ࡜
SCBF࡛ぢ㏨ࡋࡓ㔜」 ACK⌧㇟ࡢᩘࡀᑡ࡞ࡃ࡞ࡗ࡚࠸ࡃࡇ࡜ࢆ♧ࡋ࡚࠾ࡾ㸪ᅗ 4-4ࡸ (ᩘ
ᘧ 4-5)ࡸ(ᩘᘧ 4-8)ࡢ⤖ᯝ࡜ࡶ୍⮴ࡍࡿ㸬୍᪉࡛⿵ṇᚋࡢ᥎ᐃ್ࡣ N ࡟㛵ࢃࡽࡎྠࡌ್ࢆ
♧ࡍ㸬ࡇࢀ࡟ࡼࡾ 1) Nࡢ್ࡀኚ໬ࡋ࡚ࡶ(ᩘᘧ 4-9)࡛ṇࡋࡃ⿵ṇ࡛ࡁ࡚࠸ࡿ㸪2)ᮏホ౯࡛ࡣ
ᑡ࡞࠸࣓ࣔࣜ㔞(N=2)࡛ࡶࣃࢣࢵࢺࣟࢫ⋡ࢆṇࡋࡃ᥎ᐃ࡛ࡁ࡚࠸ࡿ㸪ࡇ࡜ࡀศ࠿ࡿ㸬୍⯡ⓗ
࡟ࡣNࡀ኱ࡁ࠸࡯࡝ከࡃࡢࢧࣥࣉࣝ(㔜」 ACK⌧㇟ࡢᑕᙳ್)ࡀ཰㞟࡛ࡁ㸪᥎ᐃ⢭ᗘࡀྥୖ
ࡋࡸࡍ࠸㸬  
 
4.5.3 ࢥࣞࢡࢱࡢ㈇Ⲵホ౯ 
  ᮏ㡯࡛ࡣᥦ᱌ᡭἲ࡜ᚑ᮶ᡭἲࡢࢩࢫࢸ࣒ฎ⌮㈇Ⲵࢆホ౯ࡍࡿ㸬ฎ⌮㈇Ⲵࡣࣃࢣࢵࢺࣟࢫ
⋡ࡸほ ᫬㛫࡟ࡶᙳ㡪ࢆཷࡅࡿࡓࡵ㸪௨ୗࡢィ ᮲௳ࢆタᐃࡋ㸪ィ ྍ⬟ࣇ࣮ࣟᩘ࡜ CPU
㈇Ⲵࢆ ᐃࡍࡿ㸬 
A) ほ ᫬㛫 T1=10⛊㸪60⛊ࡢ 2✀㢮 
B) ࣃࢣࢵࢺࣟࢫ⋡ p=1%࡜ 0㸬01%ࡢ 2✀㢮 
C) ࢧࣥࣉࣜࣥࢢ☜⋡ s=1㸪1/2㸪1/4㸪1/8ࡢ 4✀㢮 
D) SCBFࡢᯛᩘN=2㸪5ࡢ 2✀㢮 
E) SCBFࡢࣅࢵࢺᩘm=32bit (a=1bit㸪 b=9bit㸪 c=4bit㸪 d=18bit) 
  ᥦ᱌ᡭἲࡢࢥࣞࢡࢱ㈇Ⲵࢆᅗ 4-12࡟♧ࡍ㸬ᅗ 4-12࠿ࡽࢥࣞࢡࢱ㈇Ⲵࡣ SCBFࡢᯛᩘN
࡜ィ 㛫㝸T1࡟ᙳ㡪ࢆཷࡅࡿࡀ㸪ࣃࢣࢵࢺࣟࢫ⋡p࡟ࡣᙳ㡪ࢆཷࡅ࡞࠸ࡇ࡜ࡀ☜ㄆ࡛ࡁࡿ㸬
SCBFࡢᯛᩘNࡀ␗࡞ࡿሙྜ࡟ࡣ(ᩘᘧ 4-8)ࡢMࡀ␗࡞ࡿ㸬R( j )>0.99ࢆ 1࡜㏆ఝࡍࡿሙ
ྜ㸪 N=2 ࡛ࡣ M=8 ࡛࠶ࡾ㸪N=5࡛ࡣ M=4 ࡜࡞ࡿ㸬ࡇࡢ⤖ᯝ(ᩘᘧ 4-8)ࡢほ ☜⋡ Q ࢆ
ᑟฟࡍࡿࡓࡵࡢィ⟬㔞ࡀ N=2ࡢሙྜࡣ N=5ࡢሙྜࡢಸ࡜࡞ࡿ㸬CPU ㈇Ⲵࡶ N=2ࡣ N=5
ࡢሙྜࡢಸ࡜࡞ࡗ࡚࠾ࡾ㸪ẚ౛㛵ಀࡀ☜ㄆ࡛ࡁࡿ㸬࡞࠾㸪R(j)ࡢ㏆ఝ⢭ᗘࢆ↓どࡋ࡚ N=5
ࡢሙྜ࡟M=8࡜タᐃࡍࡿ࡜ N=2࡜ྠ➼ࡢ CPU㈇Ⲵ࡜࡞ࡿࡇ࡜ࢆ☜ㄆࡋࡓ㸬ḟ࡟ィ 㛫㝸
T1ࢆ㆟ㄽࡍࡿ㸬1ศ㎶ࡾ࡟ T1=10ࡣ 6ᅇࡢ᥎ᐃ㸪T1=60ࡣ 1ᅇࡢ᥎ᐃࢆࡋ࡚࠾ࡾ㸪 CPU
㈇Ⲵࡶࡇࡢィ⟬ᅇᩘ࡜ẚ౛㛵ಀࡀ☜ㄆ࡛ࡁࡿ㸬 
୍᪉࡛ࣃࢣࢵࢺࣟࢫ⋡ p ࡟ࡼࡿኚ໬ࡣࢥࣞࢡࢱ㈇Ⲵ࡟ᙳ㡪ࢆ୚࠼࡚࠸࡞࠸㸬ࡇࢀࡣ࢚ࢡ
ࢫ࣏࣮ࢱ࡛ࡣ㔜」 ACK⌧㇟ࡢ࢝࢘ࣥࢺฎ⌮ࢆ⾜ࡗ࡚࠾ࡾ㸪ࢥࣞࢡࢱ࡟ࡣ࢝࢘ࣥࢺ⤖ᯝ㸦ࣇ
࣮ࣟID࣭ࢧࣥࣉࣜࣥࢢ☜⋡࣭ࢫ࣮ࣝࣉࢵࢺ㛵㐃᝟ሗ࣭ࣃࢣࢵࢺࣟࢫ㛵㐃᝟ሗ㸧ࡀᅛᐃ㛗࡛
㏻▱ࡉࢀࡿࡓࡵ㸦ᮏᐇ⿦࡛ࡣ㔜」 ACK⌧㇟ࡀⓎ⏕ࡋ࡚࠸࡞࠸ሙྜ࡛ࡶ㸪Ⓨ⏕ࡋࡓ㔜」 ACK
 71 
 
⌧㇟ࡢᩘࡀ 0ಶ࡛࠶ࡿ᪨ࡢ᝟ሗࢆ㏻▱ࡍࡿ㸧㸪ࣃࢣࢵࢺࣟࢫ⋡࡟㛵ࢃࡽࡎࢥࣞࢡࢱ࡟㏦௜ࡉ
ࢀࡿࢹ࣮ࢱ㔞ࡀ୍ᐃ࡛࠶ࡿࡇ࡜ࡀཎᅉ࡛࠶ࡿ㸬ࡲࡓᅗ 4-12࡟ࡣグ㍕ࡋ࡚࠸࡞࠸ࡀ㸪ྠᵝࡢ
⌮⏤࡟ࡼࡾࢧࣥࣉࣜࣥࢢ☜⋡ sࡶࢥࣞࢡࢱ㈇Ⲵ࡟ࡣᙳ㡪ࢆ୚࠼࡞࠸ࡇ࡜ࢆ☜ㄆࡋ࡚࠸ࡿ㸬 
 
ᅗ 4-12 ᥦ᱌ࢥࣞࢡࢱࡢ CPU㈇Ⲵ 
 
ᅗ 4-13 ᚑ᮶ࢥࣞࢡࢱࡢ CPU㈇Ⲵ 
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ḟ࡟ᚑ᮶ᡭἲࡢࢥࣞࢡࢱ㈇Ⲵࢆᅗ 4-13࡟♧ࡍ㸬ᅗ 4-13࠿ࡽࢥࣞࢡࢱ㈇Ⲵࡣࢧࣥࣉࣜࣥ
ࢢ☜⋡࡜ࣃࢣࢵࢺࣟࢫ⋡࡟ᙳ㡪ࢆཷࡅࡿࡇ࡜ࡀ☜ㄆ࡛ࡁࡿ㸬ࢧࣥࣉࣜࣥࢢ☜⋡࡜ CPU㈇Ⲵ
ࡣ࡯ࡰẚ౛㛵ಀ࡟࠶ࡾ㸪ࢧࣥࣉࣜࣥࢢ☜⋡ࡀ༙ศ࡟࡞ࡿ࡜ CPU㈇Ⲵࡶ༙ศ࡟࡞ࡿ㸬ࢧࣥࣉ
ࣜࣥࢢࢆ⾜࠺ࡇ࡜࡛࢚ࢡࢫ࣏࣮ࢱ࠿ࡽࢥࣞࢡࢱ࡟㏦௜ࡉࢀࡿࣃࢣࢵࢺࡀῶᑡࡋ㸪ࢥࣞࢡࢱ
ࡢࢹ࣮ࢱཷಙฎ⌮࡜ ACK࢝࢘ࣥࢺฎ⌮ࡢ㈇Ⲵࡀῶࡿࡇ࡜ࡀཎᅉ࡛࠶ࡿ㸬ࣃࢣࢵࢺࣟࢫࡀ␗
࡞ࡿሙྜࡶ࢚ࢡࢫ࣏࣮ࢱ࠿ࡽࢥࣞࢡࢱ࡟㏦௜ࡉࢀࡿࣃࢣࢵࢺࡀኚ໬ࡍࡿࡇ࡜ࡀཎᅉ࡛ CPU
㈇Ⲵࡀኚ໬ࡍࡿ㸬TCP ࡣ㍽㍵ᅇ㑊ࡢࡓࡵࡢ㍽㍵ไᚚᶵᵓࢆಖᣢࡋ࡚࠾ࡾ㸪ࣃࢣࢵࢺࣟࢫ⋡
ࡀ 0.01%ࡢሙྜ࡜ 1%ࡢሙྜ࡛ TCP ࡢࣇ࣮ࣟ1 ᮏ࠶ࡓࡾࡢࢫ࣮ࣝࣉࢵࢺࡀ␗࡞ࡿ㸬ࣃࢣࢵ
ࢺࣟࢫ⋡ࡀ 0㸬01%ࡢሙྜࡣ 1%ࡢሙྜࡢ⣙ 10 ಸࡢࢫ࣮ࣝࣉࢵࢺ࡜࡞ࡗ࡚࠾ࡾ㸪ࡇࢀ࡟ࡼ
ࡾࢥࣞࢡࢱ࡛ฎ⌮ࡍࡿࢹ࣮ࢱ㔞ࡀቑຍࡋ㸪ࢥࣞࢡࢱࡢ CPU㈇Ⲵࡀቑຍࡍࡿ㸬 
  ᮏィ ᮲௳࡟࠾࠸࡚ᥦ᱌ᡭἲ࡜ᚑ᮶ᡭἲࡢࢥࣞࢡࢱࡢ CPU㈇Ⲵࢆẚ㍑ࡍࡿ㸬ᚑ᮶ᡭἲࡢ
ࢥࣞࢡࢱ࡛ィ ࡛ࡁࡿ᭱኱ࣇ࣮ࣟᮏᩘࡣ 5Kᮏ࡛ࡑࡢ࡜ࡁࡢCPU㈇Ⲵࡣ⣙ 40%⛬ᗘ࡛࠶ࡗ
ࡓ(s=1/10㸪T1=10㸪p=1%)㸬ࡇࢀ࡟ᑐࡋ࡚ᥦ᱌ᡭἲࡢࢥࣞࢡࢱ࡛ィ ࡛ࡁࡿ᭱኱ࣇ࣮ࣟᮏ
ᩘࡣ 200Kᮏ࡛ࡑࡢ࡜ࡁࡢ CPU㈇Ⲵࡣ 10%௨ୗ࡛࠶ࡗࡓ㸬ࡇࢀ࡟ࡼࡾᥦ᱌ᡭἲࡢࢥࣞࢡࢱ
ࡣᚑ᮶ᡭἲࡢࢥࣞࢡࢱࡼࡾࡶᐇ ್࣮࣋ࢫ࡛ᑡ࡞ࡃ࡜ࡶ 40 ಸ௨ୖ㸪CPU ㈇Ⲵࢆ➼ࡋࡃࡍ
ࡿ࡜ࡑࢀ௨ୖࡢࣇ࣮ࣟᮏᩘࢆィ ࡛ࡁࡿࡇ࡜ࢆ☜ㄆࡋࡓ㸬 ࡞࠾ᅗ 4-12 ࡜ᅗ 4-13 ࡛ࡣᶓ
㍈ࡢࣇ࣮ࣟᩘࡍ࡭࡚ࢆฎ⌮ࡍࡿ㝿࡟ᚲせ࡞ CPU ㈇Ⲵࢆグ㍕ࡋ࡚࠸ࡿ㸬⥲ࣇ࣮ࣟᩘ࡜ CPU
㈇Ⲵࡀ⥺ᙧ㛵ಀ࡜࡞ࡗ࡚࠸ࡿࡇ࡜࠿ࡽ 1ࣇ࣮ࣟࢆฎ⌮ࡍࡿ㝿ࡢCPU㈇Ⲵࡣ⥲ࣇ࣮ࣟᩘ࡟㛵
ࢃࡽࡎ୍ᐃ࡜࡞ࡗ࡚࠸ࡿ㸬 
 
4.6 ⪃ᐹ 
᥎ᐃ⢭ᗘ㸪ᚲせ࣓ࣔࣜ㔞㸪ࢥࣞࢡࢱฎ⌮㈇Ⲵࡢ 3 ࡘࡢほⅬ࠿ࡽᥦ᱌ᡭἲ࡜ᚑ᮶ᡭἲ࡟ࡘ
࠸࡚⪃ᐹࡍࡿ㸬ࡲࡓᥦ᱌ᡭἲࡢ㐺⏝㡿ᇦ࡟ࡘ࠸࡚㆟ㄽࡍࡿ㸬 
 
4.6.1 ᥎ᐃ⢭ᗘ 
 ᚑ᮶ᡭἲ࡛ࡣࢧࣥࣉࣜࣥࢢ☜⋡ s=1/10 ࡛ࡶ᥎ᐃㄗᕪࡀ 20%௨ୗ࡛࠶ࡿ[204]㸬୍᪉㸪ᥦ
᱌ᡭἲࡣ s=1/10ࡸࣃࢣࢵࢺࣟࢫ⋡ࡀ㧗࠸㡿ᇦ࡛ࡣ୍㒊࡛࢚࣮ࣛ⋡ࡀ 20%ࢆ㉸࠼ࡿ㸬ࡇࢀࡣ
ᚑ᮶ᡭἲࡢほ ☜⋡(ᩘᘧ 4-2)ࡣᥦ᱌ᡭἲࡢほ ☜⋡(ᩘᘧ 4-8)ࡼࡾࡶᖖ࡟㧗ࡃ㸪ࡼࡾከࡃ
ࡢࢧࣥࣉࣝ(㔜」 ACK ⌧㇟)ࢆほ ࡛ࡁࡿࡓࡵ㸪⤫ィⓗ࡞⢭ᗘࡀ㧗࠸ࡓࡵ࡛࠶ࡿ㸬ࡇࡇ࡛ᥦ
᱌ᡭἲࡢࣈ࣮࣒ࣝࣇ࢕ࣝࢱࡢᩘ Nࢆቑຍࡉࡏࡿ࡜㸪඲యⓗ࡟ (ᩘᘧ 4-5)ࡢ R(j)ࡀ 1࡟㏆࡙
ࡃ㸬ᚑ᮶ᡭἲࡣ(ᩘᘧ 4-8)ࡢ R(j)ࡀ j ࡟㛵ࢃࡽࡎ 1 ࡜࡞ࡗ࡚࠸ࡿ≧ែ࡜ぢ࡞ࡏࡿࡓࡵ㸪N=
࡛҄ࡣᥦ᱌ᡭἲࡣᚑ᮶ᡭἲ࡜ྠ⛬ᗘࡢ᥎ᐃ⢭ᗘ࡜࡞ࡿ࡜ண ࡛ࡁࡿ㸬ࡓࡔࡋ N ࡢቑຍ࡜ඹ
࡟ᚲせ࣓ࣔࣜ㔞ࡶከࡃ࡞ࡿ㸬 
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4.6.2 ᚲせ࣓ࣔࣜ㔞 
ᚑ᮶ᡭἲࡢ࢚ࢡࢫ࣏࣮ࢱ࡛ࡣࣃࢣࢵࢺ࣊ࢵࢲࢆᢳฟࡋ࡚ࢥࣞࢡࢱ࡟ࡑࡢࡲࡲ㌿㏦ࡍࡿࡓ
ࡵ㸪࢚ࢡࢫ࣏࣮ࢱ࡛࣓ࣔࣜࡣᚲせ࡞࠸㸬୍᪉㸪ᥦ᱌ᡭἲ࡛ࡣ࢚ࢡࢫ࣏࣮ࢱ࡛ SCBF ලഛࡍ
ࡿᚲせࡀ࠶ࡿࡓࡵ㸪࣓ࣔࣜࡀᚲせ࡜࡞ࡿ㸬ࡇࡢ࣓ࣔࣜ㔞ࡣ SCBF ࡢ࢝࢘ࣥࢺ⢭ᗘ(N ࡜ m)
࡜ィ ࡍࡿࣇ࣮ࣟᩘ L ࡟౫Ꮡࡍࡿ㸬ᮏㄽᩥࡢホ౯࡛㸪N=2㸪m=32 ࡛ࡶ༑ศ࡞᥎ᐃ⢭ᗘ࡜
࡞ࡿࡇ࡜ࡀศ࠿ࡗࡓ㸬௬࡟ィ ࣇ࣮ࣟᩘࢆ 100Kᮏ(L=100K)࡜᝿ᐃࡋ࡚ࡶ㸪800KB⛬ᗘࡢ
࣓ࣔࣜ㔞࡟ᢚ࠼ࡿࡇ࡜ࡀ࡛ࡁࡿ㸬 
 
4.6.3 ࢥࣞࢡࢱࡢฎ⌮㈇Ⲵ 
ࢥࣞࢡࢱࡣ 1)࢚ࢡࢫ࣏࣮ࢱ࠿ࡽࡢࢹ࣮ࢱཷಙฎ⌮㸪2)㔜」 ACK⌧㇟ࡢ࢝࢘ࣥࢺฎ⌮㸪3)
⤫ィฎ⌮ࡢ 3ࡘ࠿ࡽᵓᡂࡉࢀࡿ㸬ᥦ᱌ᡭἲࡣ࢚ࢡࢫ࣏࣮ࢱ࠿ࡽ⤫ィ್ࢆ㏦௜ࡉࢀࡿࡓࡵ㸪1
ࡢࢹ࣮ࢱ㔞ࡣᚑ᮶ᡭἲࡼࡾᑠࡉࡃ㸪2ࡢฎ⌮ࡀⓎ⏕ࡋ࡞࠸㸬ࡇࡢࡓࡵ 1࡜ 2ࡢ㈇Ⲵࡣᥦ᱌ᡭ
ἲࡢ᪉ࡀᑠࡉ࠸㸬3ࡢฎ⌮㈇Ⲵࡣ(ᩘᘧ 4-2)ࡸ(ᩘᘧ 4-8)ࡢ㡯ࡢᩘ(Mࡢᩘ)࡟ẚ౛ࡍࡿ㸬ᥦ᱌
ᡭἲࡣ N=2࡛ࡣM=8࡛࠶ࡾ㸪ᚑ᮶ᡭἲࡣM=2ࡢ(ᩘᘧ 4-8)࡜ぢ࡞ࡏࡿࡓࡵ㸪ᥦ᱌ᡭἲࡣ
ᚑ᮶ᡭἲࡢ⣙ 4ಸࡢฎ⌮㈇Ⲵࡀ࠿࠿ࡿ࡜⪃࠼ࡽࢀࡿ㸬ࡋ࠿ࡋ࡞ࡀࡽ 3ࡢฎ⌮࡟ᑐࡋ࡚ 1㸪2
ࡢฎ⌮ࡢ᪉ࡀ㈇Ⲵ࡜ࡋ࡚኱ࡁ࠸㸬ࡇࡢࡓࡵᥦ᱌ᡭἲࡣᚑ᮶ᡭἲࡢᩘ༑ಸࡢࣇ࣮ࣟࡢィ ࡛
ࡁࡿ㸬 
 
4.6.4 㐺⏝㡿ᇦ 
ᮏ㡯࡛ࡣィ ᆅⅬ࡜᥎ᐃ⤖ᯝ࡟ࡘ࠸࡚㆟ㄽࡍࡿ㸬ᥦ᱌ᡭἲ࡛ࡣ ACKࣃࢣࢵࢺࢆほ ࡋ࡚
ࢹ࣮ࢱࣃࢣࢵࢺࡢရ㉁ࢆィ ࡋ࡚࠸ࡿ㸬ࡇࡢࡓࡵ TCP ࡢࢹ࣮ࢱࣃࢣࢵࢺ࡜ ACK ࣃࢣࢵࢺ
ࡢ⤒㊰ࡀ␗࡞ࡿሙྜ࡟ࡣ≀⌮ⓗ࡟ࡣ␗࡞ࡿ⤒㊰ࡢရ㉁ࢆィ ࡋ࡚࠸ࡿ㸬ࡼࡗ࡚ရ㉁⤖ᯝࢆ
ศᯒࡍࡿ㝿࡟ࡣィ ᆅⅬࡔࡅ࡛࡞ࡃࣇ࣮ࣟࡢ⤒㊰ࡶㄆ㆑ࡋ࡚࠾ࡃᚲせࡀ࠶ࡿ㸬ḟ࡟ィ ᆅ
Ⅼ࡜ࣃࢣࢵࢺࣟࢫⓎ⏕ᆅⅬࡢ㛵ಀࡀ᥎ᐃ⢭ᗘ࡟୚࠼ࡿᙳ㡪࡟ࡘ࠸࡚㆟ㄽࡍࡿ㸬ィ ᆅⅬࡀ
ࣃࢣࢵࢺࣟࢫⓎ⏕ࡢ๓࠿ᚋ࠿ࡣ㸪ᚑ᮶ᡭἲ࡛ࡣ࡯࡜ࢇ࡝᥎ᐃ⤖ᯝ࡟ᙳ㡪ࢆ୚࠼࡞࠸ࡇ࡜ࡀ
᪤࡟ศ࠿ࡗ࡚࠸ࡿ[213]㸬ࡇࢀࡣࣃࢣࢵࢺࣟࢫ࡟ࡼࡿ ACK ࣃࢣࢵࢺࡢぢ㏨ࡋࡼࡾࡶ㸪ࢧࣥ
ࣉࣜࣥࢢ࡟ࡼࡿ ACK ࣃࢣࢵࢺࡢぢ㏨ࡋࡢᙳ㡪ࡢ᪉ࡀ㸪ࡣࡿ࠿࡟ᙳ㡪ࡀ኱ࡁ࠸ࡓࡵ࡛࠶ࡿ㸬
ᥦ᱌ᡭἲ࡟࠾࠸࡚ࡶྠᵝࡢ㆟ㄽࡀ㐺⏝࡛ࡁ㸪ィ ᆅⅬࡀࣃࢣࢵࢺࣟࢫⓎ⏕ᆅⅬ๓ᚋ࠿ࡣ᥎
ᐃ⢭ᗘ࡟኱ࡁ࡞ᙳ㡪ࢆ୚࠼࡞࠸࡜⪃࠼ࡽࢀࡿ㸬 
 
4.7 ࠾ࢃࡾ࡟ 
ᮏ❶࡛ࡣࣈ࣮࣒ࣝࣇ࢕ࣝࢱࢆഛ࠼ࡓ FPGA ➼ࡢ≉ู࡞ࣁ࣮ࢻ࢙࢘࢔࡟ࡼࡿ㔜」 ACK ⌧
㇟ࡢᑕᙳ್ࡢ࢝࢘ࣥࢺ࡜⤫ィฎ⌮ࢆ⤌ࡳྜࢃࡏ࡚㸪TCP ࣃࢣࢵࢺࣟࢫࢆ᥎ᐃࡍࡿᡭἲࢆᥦ
᱌ࡋࡓ㸬ᥦ᱌ᡭἲ࡛ࡣ㸪ࡇࢀࡲ࡛ࢥࣞࢡࢱ࡛⾜ࡗ࡚࠸ࡓ㔜」 ACK⌧㇟ࡢ࢝࢘ࣥࢺࡢ୍㒊ࢆ
࢚ࢡࢫ࣏࣮ࢱ࡛ᐇ᪋ࡍࡿࡇ࡜࡛ィ ࢩࢫࢸ࣒ࡢฎ⌮ࡢ㐺ษ㓄⨨ࢆᐇ⌧ࡍࡿ㸬࢚ࢡࢫ࣏࣮ࢱ
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࡛ࡢ㔜」ACK⌧㇟ࡢ࢝࢘ࣥࢺࡣࣈ࣮࣒ࣝࣇ࢕ࣝࢱࢆ฼⏝ࡍࡿࡇ࡜࡛᏶඲࡞᤼௚ไᚚࢆᚲせ
࡜ࡏࡎ㸪ᚑ᮶ࡼࡾࡶ㧗㏿໬ࡀྍ⬟࡛࠶ࡿ㸬 
ᥦ᱌ᡭἲࡢヨసࢩࢫࢸ࣒ࢆᐇ⿦ࡋ㸪᥎ᐃ⢭ᗘࡸ SCBF ࡢࣃ࣓ࣛࢱ㸪ࢥࣞࢡࢱࡢฎ⌮㈇Ⲵ
ࡶホ౯ࡋࡓ㸬᥎ᐃ⢭ᗘ࡛ࡣᚑ᮶ᡭἲࡼࡾࡶࡸࡸຎ໬ࡍࡿࡶࡢࡢ☜⋡ⓗ࡞⿵ṇ࡟ࡼࡾ࢚࣮ࣛ
⋡ࡀୗࡀࡿࡇ࡜ࡀ☜ㄆ࡛ࡁ㸪ṇࡋ࠸ࣃࢣࢵࢺࣟࢫ⋡ࡀ᥎ᐃ࡛ࡁࡿ㸬ࡲࡓ SCBF ࡢࣃ࣓ࣛࢱ
≉ᛶࢆㄪᰝࡋ࡚㸪ᥦ᱌ᡭἲࡢ࢝࢘ࣥࢱࡀᑡ㔞ࡢ࣓ࣔࣜ㔞࡛ᐇ⌧࡛ࡁࡿࡇ࡜ࡶ☜ㄆࡋࡓ㸬ฎ
⌮㈇Ⲵ࡛ࡣࢥࣞࢡࢱ࡛ฎ⌮࡛ࡁࡿࣇ࣮ࣟᮏᩘࡣᚑ᮶ࡢᩘ༑ಸ࡟㐩ࡍࡿࡇ࡜ࢆ☜ㄆࡋࡓ㸬 
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5. ࢦ࣮ࢫࢺࣃࢣࢵࢺ௜୚࡟ࡼࡿ㌴㍕ TCPࡢ QoEྥୖ 
 
5.1 ࡣࡌࡵ࡟ 
㏆ᖺࡢ⮬ື㌴㛤Ⓨ࡛ࡣ㸪㐠㌿ᨭ᥼ࡸ⮬ື㐠㌿ࢆᐇ⌧ࡍࡿ㧗ᗘ㐠㌿ᨭ᥼ࢩࢫࢸ࣒(ADAS: 
Advanced driver-Assistance System)㸪㌴ࡢ᝟ሗࢆࢡࣛ࢘ࢻ࡟㞟ࡵࣅࢵࢢࢹ࣮ࢱゎᯒࢆᐇ⌧
ࡍࡿࢥࢿࢡࢸ࢕ࢵࢻᶵ⬟㸪ᕷሙ࡟ฟࡓᚋࡢ㌴ࢆᶵ⬟࢔ࢵࣉࡍࡿ OTA(Over The Air)ࣜࣉࣟ
ࢢ࣑ࣛࣥࢢ࡞࡝ࡢ᝟ሗฎ⌮⣔ࡢ᪂ᶵ⬟ࡀ㔜せᛶࢆቑࡋ࡚࠸ࡿ[222㸪223]㸬ࡇࢀࡽࡢᶵ⬟ࢆ
ᦚ㍕ࡍࡿ࡟ࡣ㌴㍕ࢿࢵࢺ࣮࣡ࢡࡢ㧗ᶵ⬟໬࣭ᗈᖏᇦ໬ࡀᚲ㡲࡜࡞ࡿ㸬 
ᚑ᮶㌴㍕ࢿࢵࢺ࣮࣡ࢡࡣ CAN(Control Area Network)[224]㸪LIN(Local Interconnect 
Network)[225]㸪MOST(Media Oriented System)[226]㸪FlexRay[227]ࡀᏑᅾࡍࡿ㸬ᖏᇦࡸ
ಙ㢗ᛶ㸪ࢥࢫࢺ࡞࡝ࡢ≉ᛶ࡟ᛂࡌ࡚㸪ࠕ㉮ࡿ ࠖࠕ᭤ࡀࡿ ࠖࠕṆࡲࡿࠖࡢไᚚ⣔㸪ࢩ࣮ࢺࡸࣃ࣡
࣮࢘࢕ࣥࢻ࢘࡞࡝ࡢ࣎ࢹ࢕⣔㸪࣮࢝ࢼࣅ࡞࡝ࡢ᝟ሗ⣔࡟౑ࢃࢀࡿ㸬ࡋ࠿ࡋ᪂ࡋ࠸᝟ሗฎ⌮
⣔ࡣ㸪ADAS ࡟ࡣಙ㢗ᛶ㸪ࢥࢿࢡࢸ࢕ࢵࢻᶵ⬟࡟ࡣ┦஫᥋⥆ᛶ㸪ࣜࣉࣟࢢ࣑ࣛࣥࢢ࡟ࡣᗈ
ᖏᇦࡀᚲせ࡜࡞ࡾ㸪ࡇࢀࡲ࡛ࡢ㌴㍕ࢿࢵࢺ࣮࣡ࢡ࡛ࡣᑐᛂ࡛ࡁ࡞࠸㸬ࡇࢀࡽࡢせồࢆྠ᫬
࡟‶ࡓࡍ᪉ᘧ࡜ࡋ࡚㌴㍕ Ethernet LAN ࡀ᭷ᮃどࡉࢀ㸪AUTOSAR (Automotive Open 
System Architecture)[228]ࡸ OPEN ALLOANCE[229]࡞࡝࡛つ᱁໬ࡀ㐍ࡵࡽࢀ࡚࠸ࡿ㸬 
୍᪉㸪Ẹ⏕⏝㏵࡛Ⓨᒎࡋ࡚ࡁࡓ Ethernet࡛ࡣᇶᮏⓗ࡟࣋ࢫࢺ࢚ࣇ࢛࣮ࢺᆺࡢ㏻ಙࡀ⾜ࢃ
ࢀࡿࡓࡵ㸪㏻ಙࡢಙ㢗ᛶࡸ㐜ᘏ≉ᛶࡀ㌴㍕ࢿࢵࢺ࣮࣡ࢡ࡟せồࡉࢀࡿရ㉁࡟‶ࡓ࡞࠸㸬ࡑ
ࡇ࡛㌴㍕ࣉࣟࢺࢥࣝ࡜ࡋ࡚ Ethernet AVB (Audio/Video Bridging)[230-232]ࡸ Ethernet 
TSN(Time-sensitive Networking)[233-235]࡞࡝ࡢᢏ⾡ࡀ᳨ウࡉࢀ࡚࠸ࡿ[236]㸬ࡋ࠿ࡋ㏻ಙ
ࡢಙ㢗ᛶ࡟ᙳ㡪ࡍࡿࣞ࢖ࣖ 4ࡢ㏻ಙࣉࣟࢺࢥࣝ࡜ࡋ࡚ࡣ㸪AUTOSAR ‽ᣐࡢᇶ┙ࢯࣇࢺ࢘
࢙࢔(BSW: Basic Software)࡛ࡣ TCP࡜UDPࡋ࠿ᥦ౪ࡉࢀ࡞࠸[237㸪238]㸬 
ࡑࡇ࡛ᡃࠎࡣ㌴㍕⏝ TCPࡢ㛤Ⓨ࡟ྲྀ⤌ࢇ࡛࠸ࡿ㸬㌴㍕ Ethernet LAN࡛ࡣࣜࣉࣟࢢ࣑ࣛ
ࣥࢢ࡞࡝࡛኱ᐜ㔞ࢹ࣮ࢱࢆᢅ࠺࡜ྠ᫬࡟㸪ࢲ࢖࢔ࢢ㏻ಙ[239-241]ࡸ CAN-Ethernetኚ᥮ࢤ
࣮ࢺ࢙࢘࢖[242-244]࡟ࡼࡾᑠࢧ࢖ࢬࡢ࣓ࢵࢭ࣮ࢪࡶከ✀㢮ᢅ࠺㸬ࡇࡢ࣓ࢵࢭ࣮ࢪࢆᵓᡂࡍ
ࡿࣃࢣࢵࢺࡀࣟࢫࡍࡿ࡜㸪TCP࡛ࡣᚲࡎࢱ࢖࣒࢔࢘ࢺࢆዎᶵ࡜ࡍࡿ෌㏦࡜࡞ࡾ QoE㐜ᘏ᫬
㛫ࡀᩘⓒ࣑ࣜ⛊௨ୖࡢ࣮࢜ࢲ࣮࡛㛗ࡃ࡞ࡿ㸬᫬㏿ 60࣓࣮࢟ࣟࢺࣝࡢ㌴࡛ࡣ 1⛊࡛⣙ 17࣓
࣮ࢺࣝ⛣ືࡍࡿࡓࡵ㸪㐜ᘏࡢቑຍࡣ㌴ࡢไᚚࡸ᝟ሗྲྀᚓ࡟኱ࡁ࡞ᙳ㡪ࢆཬࡰࡍ㸬 
ࡇࡢၥ㢟ࢆゎỴࡍࡿࡓࡵ࡟㸪࣓ࢵࢭ࣮ࢪ㏦ಙ࡟࠾࠸࡚㸪࣓ࢵࢭ࣮ࢪᮏయࡢ┤ᚋ࡟ᑡᩘࡢ
ࢦ࣮ࢫࢺࣃࢣࢵࢺࢆ㏦ಙࡍࡿ᪉ᘧࢆᥦ᱌ࡍࡿ㸬ᥦ᱌᪉ᘧ࡛ࡣࣃࢣࢵࢺࣟࢫࡀ࣓ࢵࢭ࣮ࢪᮏ
య࡛⏕ࡌࡓሙྜ㸪࣓ࢵࢭ࣮ࢪࡢᚋ⥆ࣃࢣࢵࢺ࠿ࢦ࣮ࢫࢺࣃࢣࢵࢺ࡟ࡼࡾ㔜」ACKࡀ⏕ࡌࡿ㸬
ࡇࢀ࡟ࡼࡾࣃࢣࢵࢺࣟࢫࢆ᳨▱ࡋ㸪ࣃࢣࢵࢺࢆ෌㏦ࡍࡿࡓࡵ QoE 㐜ᘏ᫬㛫ࡀ㏻ᖖ TCP ࡼ
ࡾࡶ▷ࡃ࡞ࡿ㸬୍ ᪉㸪ࢦ࣮ࢫࢺࣃࢣࢵࢺࡢࣟࢫࡣࢱ࢖࣒࢔࢘ࢺࢆዎᶵ࡜ࡍࡿ෌㏦࡜࡞ࡿࡀ㸪
ᐇ࣓ࢵࢭ࣮ࢪ࡛ࡣ࡞࠸ࡓࡵ㌴ࡢไᚚࡸ᝟ሗྲྀᚓ࡟ᙳ㡪ࡋ࡞࠸㸬  
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5.2 ㌴㍕ࢿࢵࢺ࣮࣡ࢡ 
⾲ 5-1 ࡟᪤Ꮡࡢ㌴㍕ࢿࢵࢺ࣮࣡ࢡࡢࣉࣟࢺࢥࣝ࡟ࡘ࠸࡚♧ࡍ㸬ྛ᪉ᘧࡣᖏᇦࡸಙ㢗ᛶ㸪
ࢥࢫࢺ࡞࡝ࡢ≉ᛶ࡟ᛂࡌ࡚ไᚚ⣔㸪࣎ࢹ࢕⣔㸪᝟ሗ⣔ࡢࢿࢵࢺ࣮࣡ࢡ࡟ศࡅࡽࢀࡿ㸬 
 
z ไᚚ⣔㏻ಙ㸸ᑠࢧ࢖ࢬࡢ࣓ࢵࢭ࣮ࢪ࡛࠶ࡿࡀ㧗ಙ㢗ᛶࡀồࡵࡽࢀࡿ㸬ಙ㢗ᛶࡢ㧗࠸ CAN
ࡸ FlexRayࡀ౑⏝ࡉࢀࡿࡇ࡜ࡀከ࠸㸬ᶵ ⬟Ᏻ඲[246]ࡢᇶ‽ࢆ‶ࡓࡍࡓࡵ࡟ࢩࢫࢸ࣒ࡢ
Ᏻ඲ᗘ࡟ᛂࡌ࡚ᨾ㞀⋡(࣓ࢵࢭ࣮ࢪࣟࢫࡸ࣓ࢵࢭ࣮ࢪ㐜ᘏࡶᨾ㞀ࡢ୍㒊࡜ぢ೴ࡍ)ࢆ୍
ᐃ್௨ୗ࡟ᢚ࠼ࡿᚲせࡀ࠶ࡿ㸬 
z ࣎ࢹ࢕⣔㏻ಙ㸸㌴ࡢᏳ඲ᛶ࡟ᙳ㡪ࡋ࡞࠸ᑠࢧ࢖ࢬࡢ࣓ࢵࢭ࣮ࢪࢆᢅ࠺㸬⊃ᖏᇦ࡛ಙ㢗
ᛶࡀప࠸ࡀపࢥࢫࢺ࡜࡞ࡿ LINࡀ⏝࠸ࡽࢀࡿࡇ࡜ࡀከ࠸㸬 
z ᝟ሗ⣔㏻ಙ㸸㡢ኌࡸᫎീ࡞࡝኱ᐜ㔞ࢹ࣮ࢱࢆᢅ࠺㸬㌴ࡢᏳ඲ᛶ࡟ࡣᙳ㡪ࡋ࡞࠸ࡓࡵ㸪
ಙ㢗ᛶࡣせồࡉࢀ࡞࠸㸬᭱ࡶᗈᖏᇦ࡜࡞ࡿMOSTࡀ⏝࠸ࡽࢀࡿࡇ࡜ࡀከ࠸㸬 
 
⾲ 5-1 ྛ✀㌴㍕ࢿࢵࢺ࣮࣡ࢡࡢ≉ᚩ 
 CAN MOST FlexRay LIN 
Purpose ไᚚ⣔ ᝟ሗ⣔ ไᚚ⣔ ࣎ࢹ࢕⣔ 
Feature Broadcast Token TDMA UART/SCI 
Topology Bus Ring Bus&Star Free 
Master Multi Multi Multi Single 
Bandwidth 1Mbps 150Mbps 10Mbps 20Kbps 
Payload 8Byte 64Byte 254Byte 8Byte 
Reliability High Low High Low 
Publishing 1991 2001 2002 2003 
 
 ᪂ࡋ࠸᝟ሗฎ⌮⣔ࡣᗈᖏᇦ㸪㧗ಙ㢗ᛶ㸪┦஫᥋⥆ᛶࡀせồࡉࢀ㸪㌴㍕ Ethernet LANࡢ
ᑟධࡀᮏ᱁໬ࡋ࡚࠸ࡿ㸬㌴㍕⏝ࣉࣟࢺࢥࣝ⩌ࢆᅗ 5-1࡟♧ࡍ㸬 
 ㌴㍕ Ethernet LANࡣࣞ࢖ࣖ 2㏻ಙࢆᇶᮏ࡜ࡋ㸪QoSไᚚࡣ 802㸬1Qࡢ PCPࢆཧ↷ࡍ
ࡿ[246㸪247]㸬Ethernet AVBࡣ᪤࡟つ᱁໬῭࡛࠶ࡾ㸪802.1ASࡸ 802.1Qavࡣ」ᩘ࣋ࣥࢲ
࡛ Switch-IC࡟ᐇ⿦ࡉࢀ࡚࠸ࡿ㸬୍ ᪉࡛Ethernet TSNࡢつ᱁໬ࡣ࡯ࡰ᏶஢≧ែ࡛࠶ࡿࡀ㸪
Switch-IC࡬ࡢᐇ⿦ࡣィ⏬ẁ㝵࡛࠶ࡾ㸪⌧᫬Ⅼ࡛ࡣ฼⏝࡛ࡁ࡞࠸ᶵ⬟࡛࠶ࡿ㸬 
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ᅗ 5-1 ㌴㍕ Ethernet LANࡢࣉࣟࢺࢥࣝ⩌ 
 
5.3 ㌴㍕ Ethernet LANࡢ࣮ࣘࢫࢣ࣮ࢫ 
 
ᅗ 5-2 ㌴㍕ Ethernet LANࡢᵓᡂ౛ 
 
䝺䜲䝲䞊1
䝺䜲䝲䞊2
䝺䜲䝲䞊3
䝺䜲䝲䞊4
䝺䜲䝲䞊5-7 802.1
AS
802.1
Qat
802.1
Qav
吖
叻
吷
吐吖
呉吮
IEEE
1722
100BASE-T1, 1000BASE-T1
802.1
Q
IP
UDP TCP
802.1
Qbv
802.1
Qbu
802.1
CB
802.1
Qci
802.1
br
802.1
AS-rev
802.1
Qca
802.1
Qcc
AVB TSN
Gateway
Ethernet
Switch
ADAS
Sensor
Actuator
CAN
LIN
MOST
FlexRay
Diagnostic
Tool
In-vehicle
Connected
module
Cloud
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 ᮏ⠇࡛ࡣᅗ 5-2ࡢ౛࡛࣮ࣘࢫࢣ࣮ࢫࢆグ㍕ࡍࡿ㸬 
 
1. ⮬ື㐠㌿ࢩࢫࢸ࣒ 
ADAS ࢆᐇ⌧ࡍࡿࡓࡵࡢ㏻ಙ࡛࠶ࡿ㸬ྛ✀ࢭࣥࢧ᝟ሗࢆ ADAS ࡢ ECU(Electronic 
Control Unit)࡟ධຊ㸪ADASࡣࡑࡢุ᩿⤖ᯝࢆྛ✀࢔ࢡࢳ࢚࣮ࣗࢱ࡟ฟຊࡍࡿ㸬ከᵝ
࡞㏻ಙせồࡀ࠶ࡾ㸪ᐃᮇ㏻ಙࡸ࢖࣋ࣥࢺⓎ⏕᫬ࡢࡳࡢ㏻ಙ㸪ࣜ࢔ࣝࢱ࢖್࣒ࡢUDP㏻
ಙ㸪ᕪศ᝟ሗࡢ TCP㏻ಙ࡞࡝ࡀ࠶ࡿ㸬 
 
2. ࢤ࣮ࢺ࢙࢘࢖㏻ಙ 
CAN࡞࡝ࡢ௚ࢿࢵࢺ࣮࣡ࢡࡢ ECU࡜ Ethernetࡢ ECUࡢ㏻ಙ࡛࠶ࡿ㸬ࣉࣟࢺࢥࣝࡀ
␗࡞ࡿࡓࡵࢤ࣮ࢺ࢙࢘࢖ࢆ௓ࡍࡿ㸬௚ࢿࢵࢺ࣮࣡ࢡࡀ᝟ሗࢆ Connected module ⤒⏤
࡛ࢡࣛ࢘ࢻ࡟࢔ࢵࣉ࣮ࣟࢻࡍࡿሙྜࡸ㸪⮬ື㐠㌿ࢩࢫࢸ࣒࡜㏻ಙࡍࡿሙྜ࡟ࡇࡢ㏻ಙ
ࢆ⾜࠺㸬⾲ 5-1 ࡢࡼ࠺࡟௚ࢿࢵࢺ࣮࣡ࢡࡢ࣌࢖࣮ࣟࢻࡣ 1460 ࣂ࢖ࢺ௨ୗࡢࡓࡵ㸪
Ethernet࡛ࡣ 1ࣃࢣࢵࢺ࡜࡞ࡿ㸬 
 
3. ࢲ࢖࢔ࢢ㏻ಙ 
㌴ࡢデ᩿ࢆ┠ⓗ࡜ࡋࡓ㏻ಙ࡛࠶ࡿ㸬UDS[239]ࡲࡓࡣ DoIP[240]ࡢࣉࣟࢺࢥࣝࢆ⏝࠸㸪
デ᩿ࢶ࣮ࣝ࠿ࡽྛ ECU ࡟ᑐࡋ㸪ᨾ㞀グ㘓ࡸ㌴ࡢ≧ែ☜ㄆࢆࡋࡓࡾ㸪ECU ࡢࣜࣉࣟࢢ
࣑ࣛࣥࢢࢆ⾜ࡗࡓࡾࡍࡿ㸬ᨾ㞀/≧ែ☜ㄆࡣ 1 ࣃࢣࢵࢺ⛬ᗘࡢ㏻ಙ࡛࠶ࡿࡀ㸪≧ែࢆࣜ
࢔ࣝࢱ࢖࣒࡟ྲྀᚓࡍࡿሙྜ㸪ᩘ༑࠿ࡽᩘⓒ࣑ࣜ⛊ẖ࡟㐃⥆ᐇ⾜ࡉࢀࡿ㸬UDS࣭DoIP࡜
ࡶ࡟ࣞ࢖ࣖ 4ࡣ TCPࢆ౑⏝ࡍࡿ㸬 
 
4. ࢥࢿࢡࢸ࢕ࢵࢻ㏻ಙ 
㌴ࡢ᝟ሗྲྀᚓ㸪࠶ࡿ࠸ࡣ㌴࡬ࡢ᝟ሗ᭩㎸ࡳࢆ┠ⓗ࡜ࡋࡓ㏻ಙ࡛࠶ࡿ㸬㌴ࡢ᝟ሗྲྀᚓࡣ㸪
ࢡࣛ࢘ࢻഃࡢࢧ࣮ࣅࢫ࡟ࡼࡗ࡚ྲྀᚓࡍࡿ᝟ሗࡀ␗࡞ࡿ㸬౛࠼ࡤࢸ࣐ࣞࢸ࢕ࢡࢫಖ㝤࡛
ࡣ㸪㉮⾜㊥㞳ࡸ㏿ᗘ㸪࢔ࢡࢭ࣭ࣝࣈ࣮ࣞ࢟ࡢ㢖ᗘ࣭ᙉࡉࡢ᝟ሗࡀ࢔ࢵࣉ࣮ࣟࢻࡉࢀࡿ㸬
୍᪉㸪㌴࡬ࡢ᝟ሗ᭩㎸ࡳࡣ OTAࣜࣉࣟࢢ࣑ࣛࣥࢢࡀ୺⏝㏵࡜࡞ࡿ㸬 
 
⮬ື㐠㌿ࢩࢫࢸ࣒ࡸࢤ࣮ࢺ࢙࢘࢖㏻ಙࡣ㸪ᶵ⬟Ᏻ඲[245]ࡢᑐ㇟࡜࡞ࡿ㸬ᶵ⬟Ᏻ඲࡛ࡣ࣓
ࢵࢭ࣮ࢪࣟࢫࡸ࣓ࢵࢭ࣮ࢪ㐜ᘏࡢ᳨ฟᶵᵓࡢ୍ࡘ࡜ࡋ࡚㸪㏻ಙࢆᐃᮇⓗ࡟ᐇ᪋ࡍࡿࡇ࡜ࢆ
᥎ዡࡋ࡚࠸ࡿ㸬ࡇࡢࡓࡵᶵ⬟Ᏻ඲ࡢᑐ㇟࣓ࢵࢭ࣮ࢪࡣᏳ඲ୖࡢほⅬ࠿ࡽ㸪࣓ࢵࢭ࣮ࢪ᭦᪂
ࡢ᭷↓࡟㛵ࢃࡽࡎᩘ༑࠿ࡽᩘⓒ࣑ࣜ⛊࡛࿘ᮇⓗ࡟㏻ಙࡀⓎ⏕ࡍࡿ㸬 
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[t]
SN
/
ACK
Loss
The number of packet 
After Lost packet
L+1䛜3௨ୖ䛷䛒䜜䜀
㔜」ACK䛸䛧䛶ㄆ㆑
L:
DATA packet
ACK packet
5.4 ㌴㍕ TCPࡢㄢ㢟 
TCP ࡣ㏦ಙ➃ᮎ࠿ࡽཷಙ➃ᮎ࡟ࣃࢣࢵࢺࡀᒆࡃࡇ࡜ࢆዎᶵ࡟㸪ཷಙ➃ᮎ࠿ࡽ㏦ಙ➃ᮎ࡟
ACKࢆ㏉ಙࡍࡿ㸬ࡇࡢᶵᵓࢆ฼⏝ࡋ㸪௨ୗࡢ஧✀㢮ࡢ࠸ࡎࢀ࠿࡛ࣃࢣࢵࢺࣟࢫࢆ᳨▱㸪෌
㏦ࡍࡿ㸬 
 
I. Retransmit㸸㏦ಙ➃ᮎ࡛㏦ಙ῭ࡢࣃࢣࢵࢺ࡟ᑐࡍࡿ ACK ࢆ୍ᐃ᫬㛫௨ୖཷಙ࡛ࡁ࡞
࠸ሙྜ㸪ࢱ࢖࣒࢔࢘ࢺ࡜ุᐃࡋ㸪ࣃࢣࢵࢺࢆ෌㏦ࡍࡿ㸬ࢱ࢖࣒࢔࢘ࢺ್ࡢㄪᩚἲࡣ
RFC6298 [248]࡟♧ࡉࢀ࡚࠸ࡿ㸬ࣃࢣࢵࢺ㏦ಙ࠿ࡽ ACK ཷಙࡲ࡛ࡢ ᚟᫬㛫(RTT: 
Round Trip Time)ࢆᇶ࡟ືⓗ࡟Ỵࡲࡿ㸬᭱ᑠ್ࡢつᐃࡶ࠶ࡾ㸪RFC࡛ࡣ 1⛊ࡀ᥎ዡࡉ
ࢀ࡚࠸ࡿ㸬ᐇ⿦࡛ࡢ᭱ᑠ್ࡣWindows10࡛ 300࣑ࣜ⛊㸪Linux kernel 4.9.87࡛ࡣ 200
࣑ࣜ⛊࡛࠶ࡿ㸬 
II. Fast Retransmit㸸㏦ಙ➃ᮎ࡛ཷಙࡍࡿ ACK␒ྕࢆ☜ㄆࡋ࡚࠾ࡾ㸪ྠ୍ࡢ ACK␒ྕ
ࢆ㐃⥆ 3 ᅇ௨ୖཷಙࡍࡿሙྜ(㔜」 ACK)㸪ࣃࢣࢵࢺࡀࣟࢫࡋࡓ࡜ุᐃࡋ㸪෌㏦ࡍࡿ㸬
㔜」 ACK᳨▱ࢱ࢖࣑ࣥࢢࡣ㸪ᚋ⥆ࣃࢣࢵࢺ㏦ಙࢱ࢖࣑ࣥࢢ࡟ࡼࡾ஧✀㢮࡜࡞ࡿ㸬 
A) ྠ୍࣓ࢵࢭ࣮ࢪࡢᚋ⥆ࣃࢣࢵࢺ࡟ࡼࡗ࡚㔜」 ACK ࡀⓎ⏕ࡋࡓሙྜ㸪RTT ┦ᙜࡢ
᫬㛫࡛㔜」ACKࢆ᳨ฟࡍࡿ㸬BSW࡟ࡼࡿ➃ᮎࡢෆ㒊ฎ⌮㐜ᘏ㸪⤒㊰ୖࡢEthernet
ࢫ࢖ࢵࢳࡢࣂࢵࣇ࢓⁫␃㐜ᘏࡀᨭ㓄㡯࡜࡞ࡾ㸪㌴㍕㏻ಙࡢ RTTࡣᩘ࣑ࣜ⛊࣮࢜ࢲ
࣮࡜࡞ࡿ㸬 
B) ḟࡢ࿘ᮇࡢ࣓ࢵࢭ࣮ࢪ࡟ࡼࡗ࡚㔜」 ACKࡀⓎ⏕ࡋࡓሙྜ㸪࣓ࢵࢭ࣮ࢪ࿘ᮇࡢ࣮࢜
ࢲ࣮ࡢ᫬㛫࡛㔜」ACKࢆ᳨ฟࡍࡿ㸬࣓ࢵࢭ࣮ࢪ࿘ᮇࡣᩘ༑࠿ࡽᩘⓒ࣑ࣜ⛊࡛࠶ࡿ㸬
࣓ࢵࢭ࣮ࢪࡢ࿘ᮇࡀࢱ࢖࣒࢔࢘ࢺࡢ᭱ᑠ್ࢆ㉸࠼ࡿሙྜࡣ㸪㔜」 ACKࡼࡾࢱ࢖࣒
࢔࢘ࢺࡢ᪉ࡀ᪩ࡃ᳨▱࡛ࡁࡿࡓࡵ㸪Retransmit࡛ࡢ෌㏦࡜࡞ࡿ㸬 
ᅗ 5-3 㔜」 ACKⓎ⏕ࡢ࣓࢝ࢽࢬ࣒ 
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 ๓㏙ࡢ෌㏦᫬㛫ࢆࡲ࡜ࡵࡿ࡜௨ୗ࡜࡞ࡿ㸬ࡇࡢ୰࡛᭱ࡶ᪩ࡃ෌㏦ࡀྍ⬟࡞ሙྜࡣࣃࢱࣥ
II-A࡜࡞ࡿ㸬ࡼࡗ࡚㸪ࣃࢱࣥ II-AࡢⓎ⏕☜⋡ࢆồࡵࡿ㸬 
z ࣃࢱࣥ Iࡢሙྜ㸪 200࣑ࣜ⛊࠿ࡽ 1⛊ 
z ࣃࢱࣥ II-Aࡢሙྜ㸪ᩘ࣑ࣜ⛊ 
z ࣃࢱࣥ II-Bࡢሙྜ㸪ᩘ༑࠿ࡽᩘⓒ࣑ࣜ⛊ 
ᅗ 5-3࡟㔜」 ACKⓎ⏕ࡢ࣓࢝ࢽࢬ࣒ࢆ♧ࡍ㸬ࣃࢣࢵࢺࣟࢫ࡜ࡋ࡚ࣛࣥࢲ࣒ࣔࢹࣝࢆ௬ᐃ㸪
DATAࣃࢣࢵࢺࡣ 1࣓ࢵࢭ࣮ࢪ࡟ࡘࡁ㧗ࠎ1ࣃࢣࢵࢺࡋ࠿ࣟࢫࡏࡎ㸪ACKࣃࢣࢵࢺࡣࣃࢣ
ࢵࢺࣟࢫࡀⓎ⏕ࡋ࡞࠸ࡶࡢ࡜ࡍࡿ㸬 
ࡇࡢ࡜ࡁ㸪ࣃࢣࢵࢺࣟࢫࡀⓎ⏕ࡋ࡚࠿ࡽࣟࢫࣃࢣࢵࢺࡢ෌㏦ࡀᡂຌࡍࡿࡲ࡛ࡢᮇ㛫㸪㏦
ಙࣃࢣࢵࢺ࡟ᑐࡍࡿ ACK␒ྕࡣ᭱ᚋ࡟㏦ಙᡂຌࡋࡓࣃࢣࢵࢺࡢ ACK␒ྕ࡜ྠ୍࡜࡞ࡿ㸬
ࡼࡗ࡚ྠ୍ ACK␒ྕࡢ㐃⥆ཷಙᅇᩘࡣ㸪ࣃࢣࢵࢺࣟࢫᚋ࡟㏦ಙࡍࡿࣃࢣࢵࢺᩘࢆ L࡜ࡍࡿ
࡜ L+1࡜࡞ࡿ㸬L+1ࡀ 3௨ୖ࡛࠶ࢀࡤ㔜」 ACKࡀⓎ⏕ࡍࡿࡓࡵ㸪ࡑࡢᚲせ༑ศ᮲௳ࡣ(ᩘ
ᘧ 5-1)࡜࡞ࡿ㸬 
 (ᩘᘧ 5-1) 
ࡇࡇ࡛ࡦ࡜ࡘࡢ࣓ࢵࢭ࣮ࢪࢆᵓᡂࡍࡿࣃࢣࢵࢺᩘࢆM(≥1)࡜࠾ࡃ㸬ᑡ࡞ࡃ࡜ࡶࣟࢫࣃࢣࢵ
ࢺ 1ಶ࡜ᚋ⥆ࣃࢣࢵࢺ 2ಶࡀⓎ⏕࡟ᚲせ࡜࡞ࡿࡓࡵ㸪㔜」 ACKࡀⓎ⏕ࡍࡿࡓࡵࡢᚲせ᮲௳
ࡣ(ᩘᘧ 5-2)࡜࡞ࡿ㸬 
(ᩘᘧ 5-2) 
M ࡀ 3 ࡢሙྜࣃࢣࢵࢺࡀ 1 ಶࣟࢫࡍࡿ࡜㸪2ࣃࢣࢵࢺࡋ࠿ཷಙ➃ᮎ࡟฿㐩ࡋ࡞࠸ࡓࡵ㸪
୍ࡘࡢ࣓ࢵࢭ࣮ࢪ࠿ࡽⓎ⏕ࡍࡿྠ୍ ACK␒ྕࡣ᭱኱ 2ಶࡋ࠿⏕ࡌ࡞࠸㸬ࡓࡔࡋ࣓ࢵࢭ࣮ࢪ
ࡢ᭱ึࡢࣃࢣࢵࢺࡀࣟࢫࡋࡓሙྜࡣ㸪๓ࡢ࿘ᮇࡢ࣓ࢵࢭ࣮ࢪࡢ᭱ᚋࡢࣃࢣࢵࢺࡢ ACK␒ྕ
࡜ᮏ࿘ᮇࡢ࣓ࢵࢭ࣮ࢪࡢ2ಶࡢࣃࢣࢵࢺࡢACK␒ྕࡀྠ୍࡜࡞ࡾ㔜」ACKࢆ᳨▱࡛ࡁࡿ㸬 
(ᩘᘧ 5-1)࡜(ᩘᘧ 5-2)ࡼࡾྠ୍࣓ࢵࢭ࣮ࢪࡢᚋ⥆ࣃࢣࢵࢺ࡟ࡼࡗ࡚㔜」 ACK ࡀⓎ⏕ࡍ
ࡿࡓࡵ࡟ࡣ㸪࣓ࢵࢭ࣮ࢪࢆᵓᡂࡍࡿMಶࡢࣃࢣࢵࢺ୰㸪๓༙(M-2)ಶ࡛ࣃࢣࢵࢺࣟࢫࡀⓎ⏕
ࡍࡿᚲせࡀ࠶ࡿ㸬ࡼࡗ࡚ࣃࢣࢵࢺࣟࢫࡀⓎ⏕ࡋࡓሙྜ࡟ࣃࢱࣥ II-A ࡜࡞ࡿ☜⋡ Q ࡣ(ᩘᘧ 
5-3)࡜࡞ࡿ㸬 
 (ᩘᘧ 5-3) 
 
㌴㍕ Ethernet LANࡢ඾ᆺⓗ࡞㏻ಙࣃࢱࣥࡢ୍ࡘ࡜ࡋ࡚㸪5.3⠇ࡢ࣮ࣘࢫࢣ࣮ࢫࡀ♧ࡍࡼ
࠺࡟㸪TCP ࡛ᑠࢧ࢖ࢬࡢ࣓ࢵࢭ࣮ࢪࢆᩘ༑࠿ࡽᩘⓒ࣑ࣜẖ࡟㏦ಙࡍࡿࢣ࣮ࢫࡀ࠶ࡿ㸬≉࡟
ࢤ࣮ࢺ࢙࢘࢖㏻ಙࡸࢲ࢖࢔ࢢ㏻ಙࡢ࣓ࢵࢭ࣮ࢪࢧ࢖ࢬࡣ 1ࣃࢣࢵࢺ(M=1)࡜࡞ࡿ㸬ࡇࡢࡼ࠺
࡞㏻ಙ࡛ࣃࢣࢵࢺࡀࣟࢫࡍࡿ࡜㸪(ᩘᘧ 5-3)࡟♧ࡋࡓࡼ࠺࡟㸪ࣃࢱࣥ II-A ࡢⓎ⏕☜⋡ Q ࡀ
0 ࡜࡞ࡾ㸪ᩘ࣑ࣜ⛊༢఩ࡢ෌㏦ࡣ⾜ࢃࢀ࡞࠸㸬ࣃࢱࣥ II-A ௨እࡢࣃࢣࢵࢺ෌㏦࡛ࡣ㸪ᩘ༑
࣑ࣜ⛊࠿ࡽ 1⛊⛬ᗘ㸪࣓ࢵࢭ࣮ࢪఏ㐩࡟᫬㛫ࡀᚲせ࡜࡞ࡿ㸬ࡇࢀࡣ᫬㏿ 60࣓࣮࢟ࣟࢺࣝࡢ
㌴࡛ᩘ࣓࣮ࢺࣝ࠿ࡽ 17࣓࣮ࢺࣝࡢࡎࢀ࡜࡞ࡗ࡚⾲ࢀࡿ㸬ࡇࡢ㐜ᘏࡢቑຍࡣ㌴ࡢไᚚࡸ᝟ሗ
ྲྀᚓ࡟ᙳ㡪ࢆཬࡰࡍྍ⬟ᛶࡀ࠶ࡿ㸬 
L ≥ 2
M ≥ 3 
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5.5 ᥦ᱌ᢏ⾡ 
5.5.1 ᇶᮏᴫᛕ 
㌴㍕ࢿࢵࢺ࣮࣡ࢡ࡛฼⏝ྍ⬟࡞ࣁ࣮ࢻ࢙࢘࢔࠾ࡼࡧࢯࣇࢺ࢙࢘࢔(AUTOSAR ‽ᣐࡢ
BSW)࡛ᐇ⌧ྍ⬟࡞ᶵᵓ࡛ 5㸬4⠇ࡢㄢ㢟ࢆᢚ࠼ࡿ᪉ᘧࢆ᳨ウࡍࡿ㸬 
㌴㍕ࢿࢵࢺ࣮࣡ࢡࡣ⇕ࡸࣀ࢖ࢬࡀ㐣㓞࡞⎔ቃୗ࡛ࡶືసࡍࡿ≉Ṧ࡞ࣁ࣮ࢻ࢙࢘࢔ࡀᚲせ
࡜࡞ࡿ㸬ࡇࡢ⎔ቃୗ࡛฼⏝ྍ⬟࡞࣐࢖ࢥࣥ౛࡜ࡋ࡚ࡣ[249]ࡀ࠶ࡿ㸬ࢫ࣌ࢵࢡࡣ CPU ࿘Ἴ
ᩘ 120MHz㸪ࣉࣟࢢ࣒ࣛࣇࣛࢵࢩࣗ 6MB㸪SRAM 576KB㸪ࢹ࣮ࢱࣇࣛࢵࢩࣗ 64KB࡛࠶
ࡿ㸬 
୍᪉㸪AUTOSAR ‽ᣐࡢࢯࣇࢺ࢙࢘࢔ࡣ[237㸪238]࡟ᚑ࠺㸬㍽㍵ไᚚ࢔ࣝࢦࣜࢬ࣒ࡣ
NewRenoࢆ฼⏝ࡍࡿ㸬ᑟධ᥎ዡ࢜ࣉࢩࣙࣥ(࢘࢕ࣥࢻ࢘ࢫࢣ࣮ࣝࡸ Delayed ACK㸪SACK
࡞࡝)ࡢグ㍕ࡶ࠶ࡿࡀ㸪ᩥ⊩[250]ࡢࡼ࠺࡟┬␎ࡉࢀࡿࡇ࡜ࡶከ࠸㸬 
ࡇࢀࡽࡢࣁ࣮ࢻ࢙࢘࢔࠾ࡼࡧࢯࣇࢺ࢙࢘࢔࡛ᐇ⌧ྍ⬟࡞TCPࡢ㏻ಙ㏿ᗘࡣ 10Mbps࠿ࡽ
20Mbps⛬ᗘ࡛࠶ࡿ (ᩥ⊩[250]ࡢ CPU 100MHzࡢᛶ⬟ࢆཧ↷)㸬ࡼࡗ࡚㸪TCP࡟」㞧࡞ᶵ
ᵓࢆ㏣ຍࡋࡓࡾ㸪FEC[251]࡞࡝ࡢ₇⟬ฎ⌮㈇Ⲵࡢ㧗࠸ࣉࣟࢺࢥࣝ࡟ኚ᭦ࡋࡓࡾࡍࡿ࡜㸪㏻
ಙ㏿ᗘࡢ኱ᖜ࡞పୗࡀண᝿ࡉࢀ㸪㐺⏝ࡣᅔ㞴࡜࡞ࡿ㸬 
ࡇࡢࡼ࠺࡞⫼ᬒࢆ㋃ࡲ࠼㸪ᡃࠎࡣࢩࣥࣉࣝ࡞ᶵᵓ㏣ຍࡢࡳ࡛㸪TCP ࡀᮏ᮶ಖᣢࡍࡿ≉ᛶ
ࢆά⏝ࡋ㸪5㸬4 ⠇ࡢㄢ㢟ࢆゎỴࡍࡿ㸬ලయⓗ࡟ࡣ࣓ࢵࢭ࣮ࢪ㏦ಙ࡟࠾࠸࡚㸪࣓ࢵࢭ࣮ࢪᮏ
యࡢ┤ᚋ࡟ᑡᩘࡢࢦ࣮ࢫࢺࣃࢣࢵࢺࢆ㏦ಙࡍࡿᶵᵓࢆ㏣ຍࡍࡿ㸬ࡇࢀ࡟ࡼࡾࣃࢣࢵࢺࣟࢫ
ࡀⓎ⏕ࡋࡓ㝿ࡣ㸪TCPࡀᮏ᮶ಖᣢࡍࡿ Fast Retransmit࡟ࡼࡿ෌㏦ࢆⓎ⏕ࡉࡏ㸪QoE㐜ᘏ
᫬㛫ࢆ▷⦰ࡍࡿ㸬 
 
5.5.2 ࢦ࣮ࢫࢺࣃࢣࢵࢺ㏣ຍᶵᵓ 
ࣃࢣࢵࢺࣟࢫࡀⓎ⏕ࡋࡓ㝿࡟㸪ࣃࢱࣥ II-Aࡢ Fast RetransmitࢆⓎ⏕ࡉࡏࡿࡓࡵ㸪࣓ࢵ
ࢭ࣮ࢪࡢ᭱ᚋ࡟࣌࢖࣮ࣟࢻ㛗ࡀ0ࣂ࢖ࢺ࡜࡞ࡿTCPࣃࢣࢵࢺ(ᮏ◊✲࡛ࡣࡇࡢࣃࢣࢵࢺࢆࢦ
࣮ࢫࢺࣃࢣࢵࢺ࡜࿧ࡪ)ࢆNಶ௜୚ࡍࡿ㸬 
ࡇࢀࢆᐇ⌧ࡍࡿࡓࡵ࡟௨ୗࡢ 2 ࡘࡢᶵᵓࢆ㏻ಙࢯࣇࢺ࢙࢘࢔࡟㏣ຍࡍࡿ㸬୍ࡘ┠ࡣ࢔ࣉ
ࣜࢣ࣮ࢩࣙࣥ࠿ࡽ㏻ಙࣉࣟࢺࢥࣝࢫࢱࢵࢡ(BSW)࡟ᑐࡋ࡚㸪࣓ࢵࢭ࣮ࢪࡢ᭱ᚋࢆ♧ࡍࣇࣛ
ࢢ᝟ሗ㏻▱ࡍࡿᶵᵓ㸪஧ࡘ┠ࡣ㏻ಙࣉࣟࢺࢥࣝࢫࢱࢵࢡ࡟࠾࠸࡚㸪ࣇࣛࢢ᝟ሗࢆཷࡅྲྀࡿ
࡜࣌࢖࣮ࣟࢻ㛗ࡀ 0ࣂ࢖ࢺ࡜࡞ࡿ TCPࣃࢣࢵࢺࢆ Nಶ⏕ᡂࡍࡿᶵᵓ࡛࠶ࡿ㸬 
ᅗ 5-4 ࡟ 1 ࣃࢣࢵࢺࡢ࣓ࢵࢭ࣮ࢪ࡟ࣃࢣࢵࢺࣟࢫࡀⓎ⏕ࡋࡓሙྜࡢᚑ᮶᪉ᘧ(N=0)࡜ᥦ
᱌᪉ᘧ(N=2)ࡢ෌㏦ࢱ࢖࣑ࣥࢢࡢ㐪࠸ࢆ♧ࡍ㸬 
ࡇࡢᶵᵓࢆ௜୚ࡍࡿࡇ࡜࡛㸪1࣓ࢵࢭ࣮ࢪẖ࡟⏕ࡌࡿࣃࢣࢵࢺᩘࡀM+N࡜࡞ࡿࡓࡵ㸪ࣃ
ࢱࣥ II-A࡟ࡼࡿ Fast RetransmitⓎ⏕☜⋡ Q1ࡣ(ᩘᘧ 5-4)࡜࡞ࡿ㸬 
 (ᩘᘧ 5-4) 
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ࡉࡽ࡟ᐇ࣓ࢵࢭ࣮ࢪࡢࣃࢣࢵࢺࣟࢫ࡟㝈ᐃࡍࡿ࡜ II-A࡟ࡼࡿ Fast RetransmitⓎ⏕☜⋡
Q2ࡣ(ᩘᘧ 5-5)࡜࡞ࡿ㸬ࡇࢀࡣࢦ࣮ࢫࢺࣃࢣࢵࢺࢆ㏣ຍࡍࡿࡇ࡜࡛㸪ᐇ࣓ࢵࢭ࣮ࢪࣃࢣࢵࢺ
ࡀ᭱ᚋࡢ 2ࣃࢣࢵࢺ࡟ධࡿ☜⋡ࡀῶᑡࡍࡿࡓࡵ࡛࠶ࡿ㸬NӍ2࡛ Q2ࡣ 1࡜࡞ࡿ㸬 
 
 (ᩘᘧ 5-5) 
 
ᅗ 5-5࡟Ⓨ⏕☜⋡ Q1㸪ᅗ 5-6࡟Ⓨ⏕☜⋡ Q2ࢆࣉࣟࢵࢺࡍࡿ㸬ࢦ࣮ࢫࢺࣃࢣࢵࢺᩘ 0ಶ
ࡣ㏻ᖖ TCPࢆព࿡ࡋ㸪ᅗ୰࡛ࡣ N=0࡛ࣉࣟࢵࢺࡍࡿ㸬 
ࢤ࣮ࢺ࢙࢘࢖㏻ಙࡸࢲ࢖࢔ࢢ㏻ಙ࡛ࡣ M ࡀ 1 ࡜࡞ࡿሙྜࡀከ࠸㸬ࡇࡢ࡜ࡁ㏻ᖖࡢ
TCP(N=0)࡛ࡢ Q1ࡣ 0࡜࡞ࡿ㸬୍᪉㸪ᥦ᱌ᢏ⾡࡛ࡣ Nࢆ 2࡜ࡍࡿ࡜඲ࣃࢣࢵࢺࡢ II-AⓎ
⏕☜⋡ Q1ࡣ 0㸬33㸪ᐇ࣓ࢵࢭ࣮ࢪ࡟㝈ᐃࡍࡿ࡜ Q2ࡣ 1࡜࡞ࡿ㸬ࡍ࡭࡚ࡢ෌㏦ࡀࣃࢱࣥ II-A
࡜࡞ࡿࡓࡵ㸪QoE㐜ᘏ᫬㛫ࡀ㏻ᖖ TCPࡼࡾࡶ▷ࡃ࡞ࡿࡇ࡜࡛㌴ࡢไᚚࡸ᝟ሗྲྀᚓࡢ⢭ᗘࡀ
ྥୖࡍࡿ㸬 
ᥦ᱌ᢏ⾡࡛ࡶࣃࢱࣥ II-A௨እࡢ෌㏦ࡣ 0㸬67ࡢ☜⋡࡛Ⓨ⏕ࡋ࡚࠸ࡿࡀ㸪ࢦ࣮ࢫࢺࣃࢣࢵ
ࢺࡢ࠸ࡎࢀ࠿ࡀࣟࢫࡋࡓሙྜ࡜࡞ࡿ㸬ࡇࡢሙྜࡣᐇ࣓ࢵࢭ࣮ࢪ࡛ࡣ࡞࠸ࡓࡵ QoE㐜ᘏ᫬㛫
ࡀ㛗ࡃ࡞ࡗ࡚ࡶၥ㢟ࡣ࡞࠸㸬 
 
 
ᅗ 5-4 ࣃࢣࢵࢺ෌㏦᫬ࡢືస౛(ᚑ᮶ᡭἲ vs ᥦ᱌ᡭἲ) 
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ᅗ 5-5 ࣃࢱࣥ II-A࡟ࡼࡿ Fast RetransmitⓎ⏕☜⋡ Q1 
 
 
ᅗ 5-6 ࣃࢱࣥ II-A࡟ࡼࡿᐇ࣓ࢵࢭ࣮ࢪࡢ Fast RetransmitⓎ⏕☜⋡ Q2 
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5.6 ࢩ࣑࣮ࣗࣞࢩࣙࣥホ౯ 
 
ᅗ 5-7 ࢩ࣑࣮ࣗࣞࢩࣙࣥࣔࢹࣝ 
  
ᮏ⠇ࡣᅗ 5-7ࡢࣔࢹ࡛ࣝᩘ್ࢩ࣑࣮ࣗࣞࢩࣙࣥࢆ⾜࠸㸪ᥦ᱌ᡭἲ࡜ᚑ᮶ᡭἲࢆẚ㍑ࡍࡿ㸬 
ホ౯㡯┠ࡣ QoE㐜ᘏ᫬㛫ࡢᖹᆒ್࡜ࣃ࣮ࢭࣥࢱ࢖ࣝ࡜ࡍࡿ㸬 
ࡇࡇ࡛ QoE 㐜ᘏ᫬㛫ࡣ㸪ཷಙ➃ᮎࡢ TCP ࡢཷಙࣉࣟࢭࢫ࠿ࡽ࢔ࣉࣜࢣ࣮ࢩࣙࣥ࡟࣓ࢵ
ࢭ࣮ࢪࡀΏࡗࡓ᫬้࡜㏦ಙ➃ᮎࡢ࢔ࣉࣜࢣ࣮ࢩࣙࣥ࠿ࡽ TCP㏦ಙࣉࣟࢭࢫ࡟࣓ࢵࢭ࣮ࢪࡀ
Ώࡗࡓ᫬้ࡢ᫬㛫ᕪ࡜ᐃ⩏ࡍࡿ㸬ࣃࢣࢵࢺࡀࣟࢫࡋࡓሙྜࡣ㸪ࡑࡢ෌㏦᫬㛫ࡶྵࡴ㸬 
ホ౯࡛ࡣᖹᆒ್ࡔࡅ࡛ࡣ࡞ࡃ㸪ࣃ࣮ࢭࣥࢱ࢖ࣝࡶホ౯ࡍࡿ㸬㌴㍕ࢿࢵࢺ࣮࣡ࢡ࡛ࡣ㸪ᶵ
⬟Ᏻ඲ࡢほⅬ࠿ࡽࣇ࢙࣮ࣝࢭ࣮ࣇືసࡢᑐ㇟࡜࡞ࡿ㐜ᘏ᫬㛫ࡢⓎ⏕☜⋡ࢆぢ✚ࡶࡿᚲせࡀ
࠶ࡿ㸬ࡇࡢࡓࡵ㐜ᘏࡢ᭱ᝏ᫬㛫ศᯒ[252-254]ࢆ⾜࠺ࡇ࡜ࡀ㔜せ࡜࡞ࡿ㸬 
 
ホ౯⎔ቃࡣ㌴㍕⎔ቃࢆ᝿ᐃࡋ㸪௨ୗ࡜࠾ࡃ㸬 
z ᖏᇦᖜ㸸100Mbps㸬㌴㍕࡛฼⏝ྍ⬟࡞⌧᫬Ⅼࡢ᭱㧗ᛶ⬟ࢆ᝿ᐃࡍࡿ㸬 
z QoS 㐜ᘏ᫬㛫㸸5 ࣑ࣜ⛊㸬ࡇࢀࡣ➃ᮎෆ㒊ࡢ Ethernet ࣞ࢖ࣖࡢฎ⌮㐜ᘏ࡜ Ethernet
ࢫ࢖ࢵࢳࡢࣂࢵࣇ࢓⁫␃㐜ᘏࡢྜィ࠿ࡽᡂࡿ(౛࠼ࡤ BSW ࡢࢱࢫࢡ࿘ᮇࢆ 1 ࣑ࣜ⛊࡜
௬ᐃࡍࡿ࡜㸪㏦ಙ➃ᮎࡢฎ⌮㐜ᘏ 1࣑ࣜ⛊㸪Ethernetࣂࢵࣇ࢓⁫␃㐜ᘏ 3࣑ࣜ⛊㸪ཷ
ಙ➃ᮎࡢฎ⌮㐜ᘏ 1࣑ࣜ⛊)㸬 
z TCP㸸TCPࢱ࢖࣒࢔࢘ࢺ್ࡣᐃᖖ≧ែࢆ᝿ᐃࡋ㸪᭱ᑠ್ࡢ 200࣑ࣜ⛊࡜ࡍࡿ㸬ࢱ࢖࣑
ࣥࢢ࡟㛵ࡍࡿ࢜ࣉࢩࣙࣥ(Delayed ACK㸪Nagle̓s algorithm)ࡣ OFF࡜ࡍࡿ㸬㍽㍵ไ
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ᚚ࡟㛵ࡍࡿ࢜ࣉࢩࣙࣥ(Congestion Control㸪Slow start㸪ssthresh etc)ࡣᮏࢩ࣑࣮ࣗࣞ
ࢱ࡟⤌ࡳ㎸ࢇ࡛࠸࡞࠸㸬㍽㍵ไᚚࡣ㏦ಙࣃࢣࢵࢺ㔞ࢆไᚚࡍࡿ࢜ࣉࢩ࡛ࣙࣥ࠶ࡿࡀ㸪
ᮏホ౯ࡣ RTT ẖ࡟ 1 ࠿ࡽ 3 ࣃࢣࢵࢺ⛬ᗘࡢప㏿㏻ಙࡢࡓࡵ㸪ྛ࢜ࣉࢩࣙࣥࡢ᭷↓ࡣ
QoE㐜ᘏ᫬㛫࡟ᙳ㡪ࢆ୚࠼࡞࠸࡜⪃࠼ࡿ㸬 
z ࣃࢣࢵࢺࢧ࢖ࢬ㸸࣓ࢵࢭ࣮ࢪࣃࢣࢵࢺࡣ 1500ࣂ࢖ࢺ(࣌࢖࣮ࣟࢻࢧ࢖ࢬ 1436ࣂ࢖ࢺ)㸪
ࢦ࣮ࢫࢺࣃࢣࢵࢺࡣ 64ࣂ࢖ࢺ(࣌࢖࣮ࣟࢻࢧ࢖ࢬ 0ࣂ࢖ࢺ)࡜ࡍࡿ 
z ࣓ࢵࢭ࣮ࢪ㏦ಙ࿘ᮇ㸸100࣑ࣜ⛊㸬 
z ࣃࢣࢵࢺࣟࢫ㸸ࣛࣥࢲ࣒ࣔࢹ࡛ࣝࣃࢣࢵࢺࣟࢫ⋡ 1% 
z ࣓ࢵࢭ࣮ࢪ㏦ಙᅇᩘ㸸10 ୓ᅇ㸬ࡓࡔࡋ㐣Ώ≧ែࡢᙳ㡪ࢆ㝖ࡃࡓࡵ㸪ࢩ࣑࣮ࣗࣞࢩࣙࣥ
ࡢ㛤ጞ┤ᚋ࣭⤊஢┤๓ࡢ 1⛊㛫ࡢࢹ࣮ࢱࢆ㝖ࡃ㸬 
ࡇࢀࡽࡢ⎔ቃ࡛㸪ࢦ࣮ࢫࢺࣃࢣࢵࢺ௜୚ᩘ࡜ࣃࢣࢵࢺ㛗ࡢホ౯ࢆ⾜࠸㸪ࢦ࣮ࢫࢺࣃࢣࢵ
ࢺࡢຠᯝ࡜ࣃ࣓ࣛࢱ(௜୚ᩘ࡜ࣃࢣࢵࢺ㛗)ࡢጇᙜᛶࢆホ౯ࡍࡿ㸬 
 
5.6.1 ࢦ࣮ࢫࢺࣃࢣࢵࢺ௜୚ᩘ(N)ࡢホ౯ 
A) ᖹᆒ್࡜ࣃ࣮ࢭࣥࢱ࢖ࣝ 
⾲ 5-2 ࡟ᐇ࣓ࢵࢭ࣮ࢪࡢ QoE 㐜ᘏ᫬㛫ࡢᖹᆒ್㸪99 ࠾ࡼࡧ 99.99 ࣃ࣮ࢭࣥࢱ࢖ࣝࢆ♧
ࡍ㸬ࢦ࣮ࢫࢺࣃࢣࢵࢺᩘ 0ಶࡣ㏻ᖖ TCPࢆព࿡ࡍࡿ㸬 
ࢦ࣮ࢫࢺࣃࢣࢵࢺࡢ௜୚ᩘࢆቑࡸࡍ࡜࡜ࡶ࡟ QoE㐜ᘏ᫬㛫ࡢᖹᆒ್࡜ࣃ࣮ࢭࣥࢱ࢖ࣝࡀ
▷ࡃ࡞ࡿ㸬ࡓࡔࡋ㸪௜୚ᩘࡀ 2௨ୖ࡛ຠᯝࡣኚࢃࡽ࡞ࡃ࡞ࡿ㸬ࡇࢀࡣ(ᩘᘧ 5-5)ࡸᅗ 5-6࡛
♧ࡍࡼ࠺࡟㸪ࣃࢱࣥ II-A࡟ࡼࡿᐇ࣓ࢵࢭ࣮ࢪࡢ Fast RetransmitⓎ⏕☜⋡ Q2ࡣ Nࡀቑ࠼
ࡿ࡟ࡘࢀ☜⋡ࡀୖࡀࡿࡀ㸪N ࡀ 2 ௨ୖ࡛Ⓨ⏕☜⋡ 1 ࡜࡞ࡿࡓࡵ࡛࠶ࡿ㸬ࢦ࣮ࢫࢺࣃࢣࢵࢺ
ࡢ௜୚࡟ࡶ࣐࢖ࢥࣥ⬟ຊࢆ౑⏝ࡍࡿࡓࡵ㸪௜୚ᩘࡣᑡ࡞࠸᪉ࡀⰋ࠸㸬ࡼࡗ࡚௜୚ᩘࡢ᭱㐺
್ࡣ 2࡜࡞ࡿ㸬 
ᮏホ౯࡛ࡣ㸪ᥦ᱌ᡭἲ(N=2)ࡢ QoE 㐜ᘏ᫬㛫ࡣ㏻ᖖ TCP ࡟ẚ࡭㸪ᖹᆒ್࡛⣙ 68%㸪99
ࣃ࣮ࢭࣥࢱ࢖࡛ࣝ⣙ 7㸬6%㸪99.99 ࣃ࣮ࢭࣥࢱ࢖࡛ࣝ⣙ 43%࡜࡞ࡗࡓ㸬ࢦ࣮ࢫࢺࣃࢣࢵࢺ
௜୚ࡀ QoE㐜ᘏ᫬㛫ࡢ▷⦰࡟㈉⊩ࡍࡿ㸬 
 
⾲ 5-2 ࢦ࣮ࢫࢺࣃࢣࢵࢺᩘ࡜ QoE㐜ᘏ᫬㛫ࡢ㛵ಀ 
The Number of 
Ghost Packet 
Average 
[ms] 
99 
Percentile[ms] 
99.99 
Percentile[ms] 
0 8.30 205 505 
1 6.57 115 216 
2 5.63 15.5 216 
3 5.61 15.5 216 
4 5.62 15.5 216 
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B) ┦⿵⣼✚ศᕸ㛵ᩘ(CCDF) 
 
ᅗ 5-8 ᐇ࣓ࢵࢭ࣮ࢪࡢ QoE㐜ᘏ᫬㛫(CCDF) 
  
 
ᅗ 5-9 ඲ࣃࢣࢵࢺ㸪ᐇ࣓ࢵࢭ࣮ࢪ㸪ࢦ࣮ࢫࢺࣃࢣࢵࢺࡢ QoE㐜ᘏ᫬㛫(N=2) 
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ᅗ 5-8࡟ N=0࠿ࡽ 2ࡢᐇ࣓ࢵࢭ࣮ࢪࡢ QoE㐜ᘏ᫬㛫(CCDF) ࢆ♧ࡍ㸬࡯ࡰ඲࡚ࡢ☜⋡
࡟࠾࠸࡚㸪Nࡢ್ࡀቑ࠼ࡿ࡟ࡘࢀ QoE㐜ᘏ᫬㛫ࡀ▷ࡃ࡞ࡿ㸬 
ᅗ 5-9ࡣN=2ࡢ࡜ࡁࡢ඲ࣃࢣࢵࢺ㸪ᐇ࣓ࢵࢭ࣮ࢪࡢࡳ㸪ࢦ࣮ࢫࢺࣃࢣࢵࢺࡢࡳࡢ 3✀㢮
ࡢ QoE㐜ᘏ᫬㛫ࢆ♧ࡍ㸬 
ᐇ࣓ࢵࢭ࣮ࢪࡢ QoE 㐜ᘏ᫬㛫ࡣᖖ࡟඲ࣃࢣࢵࢺࡢ QoE 㐜ᘏ᫬㛫ࡼࡾࡶ▷ࡃ࡞ࡿ㸬඲ࣃ
ࢣࢵࢺ⩌ࡣ Retransmit ࡜ Fast Retransmit࡟ࡼࡿ෌㏦ࡀΰᅾࡋ࡚࠸ࡿࡢ࡟ᑐࡋ࡚㸪ᐇ࣓
ࢵࢭ࣮ࢪࡢ෌㏦ࡣࡍ࡭࡚ࡢ Fast Retransmit࡜୍㒊ࡢ Retransmit࡛ᵓᡂࡉࢀࡿࡓࡵ㸪Fast 
Retransmitࡢ๭ྜࡀ㧗࠸ࡓࡵ࡛࠶ࡿ㸬 
୍᪉㸪ࢦ࣮ࢫࢺࣃࢣࢵࢺࡢ QoE 㐜ᘏ᫬㛫ࡣᖖ࡟඲ࣃࢣࢵࢺࡢ QoE 㐜ᘏ᫬㛫ࡼࡾࡶ㛗ࡃ
࡞ࡿ㸬ࢦ࣮ࢫࢺࣃࢣࢵࢺࡣࡍ࡭࡚ Retransmit࡟ࡼࡿ෌㏦࡜࡞ࡿࡓࡵ㸪඲ࣃࢣࢵࢺᖹᆒࡼࡾ
QoE㐜ᘏ᫬㛫ࡀఙࡧࡿ㸬 
 
5.6.2 ࢦ࣮ࢫࢺࣃࢣࢵࢺ㛗࡜ TCPࣂࢵࣇ࢓ࢧ࢖ࢬࡢホ౯ 
ᮏ◊✲ࡢࢥࣥࢭࣉࢺ(࣓ࢵࢭ࣮ࢪᮏయ࡟ᑡᩘࣃࢣࢵࢺࢆ㏣ຍࡋ㸪࣓ࢵࢭ࣮ࢪࢆᵓᡂࡍࡿࣃ
ࢣࢵࢺ࡛ࣟࢫࡀ⏕ࡌࡓሙྜ࡟ᚋ⥆ࡢࣃࢣࢵࢺ࡛㔜」 ACK ࢆⓎ⏕ࡉࡏࡿ)ࢆᐇ⌧ࡍࡿࡓࡵ࡟
ࡣ㸪ࢦ࣮ࢫࢺࣃࢣࢵࢺࡢࣃࢣࢵࢺ㛗ࡣ 0 ࣂ࢖ࢺ࡛࡞ࡃ࡚ࡶⰋ࠸㸬౛࠼ࡤࢦ࣮ࢫࢺࣃࢣࢵࢺ
࡜ࡋ࡚ Nࣃࢣࢵࢺࢆ௜୚ࡍࡿሙྜ㸪࢔ࣉࣜࢣ࣮ࢩࣙࣥࣞ࢖࡛ࣖ 1460Nࣂ࢖ࢺࡢࢹ࣮ࢱࢆ
௜୚ࡍࢀࡤ BSW ࡸ Linux ࡢ㏻ಙࣉࣟࢺࢥࣝࢫࢱࢵࢡࢆᨵ㐀ࡍࡿࡇ࡜࡞ࡃᐇ⌧࡛ࡁࡿ㸬୍
᪉࡛㌴㍕⏝࣐࢖ࢥࣥ[249]ࡣ࣓ࣔࣜ㔞ࡶᑡ࡞࠸㸬ࡇࡢࡓࡵ TCPࡢࣂࢵࣇ࢓ࢧ࢖ࢬ࡜ࢦ࣮ࢫࢺ
ࣃࢣࢵࢺ㛗ࡀ QoE㐜ᘏ᫬㛫࡟୚࠼ࡿᙳ㡪ࢆ᳨ドࡍࡿ㸬 
ᅗ 5-10࡟ TCPࣂࢵࣇ࢓ࢧ࢖ࢬࢆ 16KB࡜ࡋࡓ㝿࡟ N=0࡜ N=2ࡢࢦ࣮ࢫࢺࣃࢣࢵࢺ㛗
ࢆ 1500ࣂ࢖ࢺ㸪64ࣂ࢖ࢺ࡜タᐃࡋࡓ QoE㐜ᘏ᫬㛫ࢆ♧ࡍ㸬୍ᗘࡢ࣓ࢵࢭ࣮ࢪ㏦ಙ࡛฼⏝
ࡍࡿࣂࢵࣇ࢓ࢧ࢖ࢬࡣ N=2㸪ࣃࢣࢵࢺ㛗 1500ࣂ࢖ࢺࡢ᮲௳࡛ࣃࢣࢵࢺࣟࢫࡀ࡞ࡅࢀࡤ 4㸬
5KB࡜࡞ࡿ㸬TCPࣂࢵࣇ࢓ࢧ࢖ࢬࡀ 16KBࡢሙྜ㸪4.5KB࡟ẚ࡭࡚༑ศ࡞ࣂࢵࣇ࢓ࢧ࢖ࢬ
ࢆഛ࠼ࡿࡓࡵ࣎ࢺࣝࢿࢵࢡ࡜࡞ࡽ࡞࠸㸬ࡇࡢࡓࡵࢦ࣮ࢫࢺࣃࢣࢵࢺࢆ௜୚ࡍࡿ࡜ࢦ࣮ࢫࢺ
ࣃࢣࢵࢺ㛗࡟ࡼࡽࡎ QoE㐜ᘏ᫬㛫ࡀ▷ࡃ࡞ࡿ㸬 
ᅗ 5-11ࡣ㸪TCPࣂࢵࣇ࢓ࢧ࢖ࢬࢆ 4KB࡜ࡋࡓ㝿࡟ N=0࡜N=2ࡢࢦ࣮ࢫࢺࣃࢣࢵࢺ㛗
ࢆ 1500ࣂ࢖ࢺ㸪64ࣂ࢖ࢺ࡜タᐃࡋࡓ QoE㐜ᘏ᫬㛫ࢆ♧ࡍ㸬TCPࣂࢵࣇ࢓ࢧ࢖ࢬࡀᑠࡉ࠸
ሙྜ㸪ࢦ࣮ࢫࢺࣃࢣࢵࢺ㛗ࡀ 1500ࣂ࢖ࢺ࡛࠶ࢀࡤ୍ᗘࡢ࣓ࢵࢭ࣮ࢪ㏦ಙ࡛ࡶ ACKࡀᡠࡗ
࡚ࡇ࡞ࡅࢀࡤࡍ࡭࡚ࡢࣃࢣࢵࢺࢆ㏦ಙ࡛ࡁ࡞࠸㸬ࡲࡓ㸪ࣃࢣࢵࢺࡀࣟࢫࡋࡓሙྜ࡟ࡣ㸪㏻
ᖖࡼࡾࡶࡼࡾከࡃࡢࣂࢵࣇ࢓ࢆ౑⏝ࡍࡿࡇ࡜࡟࡞ࡿ㸬ࡇࡢࡓࡵ TCPࣂࢵࣇ࢓ࢧ࢖ࢬࡀ 4KB
ࡢ㝿ࡣࡇࡢ್ࡀ࣎ࢺࣝࢿࢵࢡ࡜࡞ࡾ㸪1500ࣂ࢖ࢺ㛗ࡢࢦ࣮ࢫࢺࣃࢣࢵࢺࢆ௜୚ࡍࡿࡇ࡜࡟
ࡼࡗ࡚㸪QoE㐜ᘏ᫬㛫ࡣ㏻ᖖࡼࡾࡶ㛗ࡃ࡞ࡿ㸬୍᪉㸪ࢦ࣮ࢫࢺࣃࢣࢵࢺ㛗ࡀ 64ࣂ࢖ࢺࡢሙ
ྜࡣ㸪TCPࣂࢵࣇ࢓ࢧ࢖ࢬࡀᑡ࡞ࡃ࡚ࡶ㸪ࢦ࣮ࢫࢺࣃࢣࢵࢺ௜୚࡟ࡼࡿ QoE㐜ᘏ᫬㛫▷⦰
ຠᯝࢆᚓࡿࡇ࡜ࡀ࡛ࡁࡿ㸬 
௨ୖࡼࡾ㸪ࢦ࣮ࢫࢺࣃࢣࢵࢺ௜୚࡟ࡼࡿ QoE㐜ᘏ᫬㛫ࡣ BSWࡸ Linuxࡢ㏻ಙࣉࣟࢺࢥ
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ࣝࢫࢱࢵࢡࢆᨵ㐀ࡋ࡞ࡃ࡜ࡶࡍࡿࡇ࡜࡞ࡃᐇ⌧࡛ࡁࡿ㸬ࡑࡢሙྜࡣ TCPࡢࣂࢵࣇ࢓ࢧ࢖ࢬ
ࢆ༑ศ࡟☜ಖࡍࡿᚲせࡀ࠶ࡿ㸬 
 
ᅗ 5-10 TCPࣂࢵࣇ࢓ࢧ࢖ࢬ 16KBࡢ QoE㐜ᘏ᫬㛫 
  
 
ᅗ 5-11 TCPࣂࢵࣇ࢓ࢧ࢖ࢬ 4KBࡢ QoE㐜ᘏ᫬㛫 
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5.7 ࠾ࢃࡾ࡟ 
ᮏ✏࡛ࡣ TCPࡢ࣓ࢵࢭ࣮ࢪ㏦ಙ࡟࠾࠸࡚㸪࣓ࢵࢭ࣮ࢪᮏయࡢ┤ᚋ࡟ᑡᩘࡢࢦ࣮ࢫࢺࣃࢣ
ࢵࢺࢆ㏦ಙࡍࡿ᪉ᘧࢆᥦ᱌ࡋࡓ㸬ࢩ࣑࣮ࣗࣞࢩࣙࣥホ౯࡟ࡼࡾ㸪0ࣂ࢖ࢺ㛗ࡢࢦ࣮ࢫࢺࣃࢣ
ࢵࢺࢆ 2ಶ௜୚ࡍࡿࡇ࡜࡛ QoE㐜ᘏ᫬㛫ࢆ኱ᖜ࡟▷⦰࡛ࡁࡿࡇ࡜ࢆ♧ࡋࡓ㸬 
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6. ࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺ࡟࠾ࡅࡿ࢝ࢵࢺࢫ
࣮ࣝࣜࣥࢡ࡜ࡑࡢᛶ⬟ศᯒ 
6.1 ࡣࡌࡵ࡟ 
㏆ᖺ㸪⅏ᐖ᫬ࡢ㏻ಙ࢖ࣥࣇࣛࡸపࢥࢫࢺ࡞㏻ಙ࢖ࣥࣇࣛࢆᐇ⌧ࡍࡿࡓࡵࡢ㏻ಙᡭẁ࡜ࡋ
࡚㸪ࣀ࣮ࢻ㛫ࡢ㏻ಙᅇ⥺ࡀᖖ࡟ṇᖖ࡟ᶵ⬟ࡋ࡚࠸࡞࠸≧ἣ࡛࠶ࡗ࡚ࡶࣀ࣮ࢻ㛫ࡢ࢚ࣥࢻ--
࢚ࣥࢻ㏻ಙࢆᐇ⌧ࡍࡿ DTN (Delay/Disruption-TolerantNetworking) ࡀᮇᚅࡉࢀ࡚࠸
ࡿ.DTN ࡣ㸪ࣀ࣮ࢻ㛫ࡢ㏻ಙᅇ⥺ࡀ୍᫬ⓗ࡟ษ᩿ࡋࡓࡾ㸪ࣀ࣮ࢻ㛫ࡢ㏻ಙఏ㐜ᘏࡀ୍᫬ⓗ
࡟ቑ኱ࡋࡓࡾࡍࡿࡼ࠺࡞㏻ಙ⎔ቃ࡛࠶ࡗ࡚ࡶ㸪࢚ࣥࢻ--࢚ࣥࢻ㛫࡛ಙ㢗ᛶࡢ࠶ࡿࢹ࣮ࢱ㌿㏦
ࢆᐇ⌧ࡍࡿࡇ࡜ࢆ┠ᣦࡋ࡚࠸ࡿ. 
DTN ࡟࠾ࡅࡿ㏻ಙ᪉ᘧࡢ୍ࡘ࡜ࡋ࡚㸪ࣀ࣮ࢻྠኈࡢ㏆㊥㞳↓⥺㏻ಙ࡟ࡼࡗ࡚㸪࠶ࡿࣀ࣮
ࢻ࠿ࡽ௚ࡢࡍ࡭࡚ࡢࣀ࣮ࢻ࡟ᑐࡋ࡚᝟ሗఏ㏦ࢆ⾜࠺㸪࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺࡀᏑ
ᅾࡍࡿ[255][256].࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺ࡛ࡣ㸪ࡑࢀࡒࢀࡢࣀ࣮ࢻࡀࣔࣅࣜࢸ࢕ࢆ᭷
ࡋ࡚࠸ࡿ࡜࠸࠺ᛶ㉁ࢆ฼⏝ࡋ㸪ࢫࢺ࢔࣭࢔ࣥࢻ࣭࣮࣭࢟ࣕࣜࣇ࢛࣮࣡ࢻ 
(store-and-carryforward) ᆺࡢ㏻ಙ࡟ࡼࡾ㸪࠶ࡿࣀ࣮ࢻ࠿ࡽ௚ࡢࣀ࣮ࢻ࡟ᑐࡋ࡚࣓ࢵࢭ࣮ࢪ
ࢆ୰⥅ࡍࡿ.ࢫࢺ࢔࣭࢔ࣥࢻ࣭࣮࣭࢟ࣕࣜࣇ࢛࣮࣡ࢻᆺࡢ㏻ಙ࡛ࡣ㸪୰⥅ࣀ࣮ࢻࡀ࣓ࢵࢭ࣮
ࢪࢆ୍᫬ⓗ࡟᱁⣡ (ࢫࢺ࢔) ࡋ㸪ࣀ࣮ࢻࡀࡑࡢࢹ࣮ࢱࢆಖᣢࡋࡓࡲࡲ㐠ᦙ (࣮࢟ࣕࣜ) ࡍࡿ.
୰⥅ࣀ࣮ࢻࡣ㸪࣓ࢵࢭ࣮ࢪࢆ⛣ືඛ࡛௚ࡢࣀ࣮ࢻ࡬୰⥅ (ࣇ࢛࣮࣡ࢻ) ࡍࡿ.ࡇࢀ࡟ࡼࡾ㸪࢚
ࣥࢻ--࢚ࣥࢻ㛫ࡢ㏻ಙࡀᖖ࡟฼⏝࡛ࡁ࡞࠸≧ἣ࡟࠾࠸࡚ࡶࢹ࣮ࢱ㌿㏦ࢆᐇ⌧ࡍࡿ. 
࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺ࡛ࡣ㸪ࣀ࣮ࢻྠኈࡢ࣓ࢵࢭ࣮ࢪ஺᥮ࡀ⧞ࡾ㏉ࡉࢀࡿࡇ࡜
࡟ࡼࡾ㸪ࢿࢵࢺ࣮࣡ࢡ඲య࡟࣓ࢵࢭ࣮ࢪࡀᗈࡀࡗ࡚ࡺࡃ.ࡇࡢࡓࡵ㸪࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ
࢟ࣕࢫࢺࡣࠕࢦࢩࢵࣉᆺ㏻ಙࠖ࡜ࡶ࿧ࡤࢀ࡚࠸ࡿ. 
㏆ᖺ㸪DTN ࢆ฼⏝ࡋࡓ࢔ࣉࣜࢣ࣮ࢩࣙࣥࡢ◊✲ࡶάⓎ࡟⾜ࢃࢀ࡚࠸ࡿ.࢚ࣆࢹ࣑ࢵࢡࣈ
࣮ࣟࢻ࢟ࣕࢫࢺࡢ᭷ᮃ࡞࢔ࣉࣜࢣ࣮ࢩࣙࣥࡢ୍ࡘ࡜ࡋ࡚㸪⅏ᐖ᫬ࡢࡼ࠺࡞㏻ಙ࢖ࣥࣇࣛࡀ
฼⏝࡛ࡁ࡞࠸≧ἣ࡟࠾࠸࡚㸪ࣀ࣮ࢻྠኈࡢ㏆㊥㞳↓⥺㏻ಙ࡟ࡼࡗ࡚᝟ሗࢆ㓄ಙࡍࡿ࡜࠸࠺
⏝㏵ࡀ⪃࠼ࡽࢀࡿ[257].࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺࢆ⏝࠸ࡿࡇ࡜࡟ࡼࡾ㸪㏻ಙ࢖ࣥࣇࣛ
ࡀ฼⏝࡛ࡁ࡞࠸≧ἣ࡛ࡶ㸪᝟ሗ (౛࠼ࡤ⅏ᐖ᫬࡟࠾ࡅࡿᏳྰ᝟ሗ) ࢆ↓⥺➃ᮎ㛫ࡢ࢔ࢻ࣍ࢵ
ࢡ㏻ಙ࡟ࡼࡗ࡚㓄ಙࡍࡿࡇ࡜ࡀྍ⬟࡜࡞ࡿ. 
DTN ࡟࠾࠸࡚㸪ࣀ࣮ࢻྠኈࡢ࢔ࢻ࣍ࢵࢡ㏻ಙࢆ฼⏝ࡍࡿࡔࡅ࡛࡞ࡃ㸪ᑡᩘࡢ࢝ࢵࢺࢫࣝ
࣮ࣜࣥࢡࢆᑟධࡍࡿࡇ࡜࡟ࡼࡾ㸪࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺࡢᛶ⬟ྥୖࡀᮇᚅ࡛ࡁࡿ.
࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡ࡜ࡣ㸪ࣇ࢕࣮ࣝࢻୖࡢ」ᩘࡢᆅⅬ㛫ࢆ᥋⥆ࡍࡿ㏻ಙᅇ⥺࡛࠶ࡿ.DTN 
࡟࠾ࡅࡿ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢ౛࡜ࡋ࡚㸪⅏ᐖᆅ࡟࠾ࡅࡿ㑊㞴ᡤ㛫ࢆ᥋⥆ࡍࡿ᭷⥺ࢿࢵࢺ
࣮࣡ࢡࡸ㸪⥭ᛴ㌴୧㛫ࢆ᥋⥆ࡍࡿ㛗㊥㞳↓⥺ࢿࢵࢺ࣮࣡ࢡ㸪VANET ࡟࠾࠸࡚஺ᕪⅬࡢᇶ
ᆅᒁ㛫ࢆ᥋⥆ࡍࡿ᭷⥺ࢿࢵࢺ࣮࣡ࢡ࡞࡝ࡀ⪃࠼ࡽࢀࡿ.࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺ࡟࠾
 91 
 
࠸࡚࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࢆ⏝࠸ࡿࡇ࡜࡟ࡼࡾ㸪᝟ሗᣑᩓࡢ㧗㏿໬ࡸ↓⥺㏻ಙᖏᇦࡢ฼⏝⋡
పῶ࡞࡝ࡀྍ⬟࡜࡞ࡿ.ࡋ࠿ࡋ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᑟධࡢຠᯝࡣࡇࢀࡲ࡛༑ศ᫂ࡽ࠿࡟ࡉ
ࢀ࡚࠸࡞࠸. 
࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡ࡜࠸࠺⪃࠼᪉⮬యࡣ᪂ࡋ࠸ࡶࡢ࡛ࡣ࡞ࡃ㸪ATM(Asynchronous 
Transfer Mode) ࡸ MPLS (Multi-Protocol Label Switching)࡟࠾ࡅࡿ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡ
ࡢ◊✲ࡣྂࡃ࠿ࡽ⾜ࢃࢀ࡚࠸ࡿ [258-269].౛࠼ࡤᩥ⊩[258]࡛ࡣ㸪ࢩ࣑࣮ࣗࣞࢩࣙࣥᐇ㦂࡟
ࡼࡾ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࢆ⏝࠸ࡓ 5 ✀㢮ࡢ㐺ᛂᆺ࣮ࣝࢸ࢕ࣥࢢ࢔ࣝࢦࣜࢬ࣒ࡢᛶ⬟ࢆẚ
㍑ࡋ࡚࠸ࡿ.ࡑࡢ⤖ᯝ㸪ࣃࢣࢵࢺ஺᥮᪉ᘧ࡜ẚ㍑ࡋ࡚㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࢆ⏝࠸ࡓ࣮ࣝࢸ
࢕ࣥࢢ࢔ࣝࢦࣜࢬ࣒࡟ࡼࡾ㸪ᖹᆒ㐜ᘏ࣭෌㏦⋡࣭ࢿࢵࢺ࣮࣡ࢡ฼⏝⋡࡞࡝ࡀᨵၿࡉࢀࡿࡇ
࡜ࢆ♧ࡋ࡚࠸ࡿ.ࡲࡓᩥ⊩[259]࡛ࡣ㸪MPOA (Multiprotocol over ATM)㸪IP㸪MPLS ࡢ 3 ✀
㢮ࡢࢿࢵࢺ࣮࣡ࢡ࡟࠾ࡅࡿ␗࡞ࡿ࢝ࢵࢺࢫ࣮ࣝ᪉ᘧࡢᛶ⬟ẚ㍑ࢆ⾜ࡗ࡚࠸ࡿ. 
DTN ࡟࠾ࡅࡿ࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺࡢ᭷ຠᛶࢆㄪᰝࡋࡓ◊✲ࡣᩘከࡃᏑᅾࡍ
ࡿࡀ㸪ᡃࠎࡢ▱ࡿ㝈ࡾ㸪࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺ࡟࠾ࡅࡿ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢຠ
ᯝࡣࡇࢀࡲ࡛᫂ࡽ࠿࡟ࡉࢀ࡚࠸࡞࠸.౛࠼ࡤ㸪ᩥ⊩[261㸪261]࡛ࡣᩘᏛⓗゎᯒ࡟ࡼࡾ࢚ࣆࢹ
࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺࡢᛶ⬟ࢆゎᯒࡋ࡚࠸ࡿ.ࡲࡓ㸪ᩥ⊩[255㸪256㸪263㸪264]࡛ࡣࢩ࣑
࣮ࣗࣞࢩࣙࣥᐇ㦂࡟ࡼࡾ࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺࡢ᭷ຠᛶࢆㄪᰝࡋ࡚࠸ࡿ.ࡓࡔࡋࡇ
ࢀࡽࡢ◊✲࡛ࡣ㸪࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺࡢ㎿㏿ᛶࡸຠ⋡ᛶ࡟╔┠ࡋࡓᛶ⬟ホ౯ࡀ
⾜ࢃࢀ࡚࠾ࡾ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢຠᯝࡣ᫂ࡽ࠿࡟ࡉࢀ࡚࠸࡞࠸.[265]࡛ࡣ㸪࢚ࣆࢹ࣑ࢵ
ࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺ࡟࠾ࡅࡿ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢ᭷ຠᛶࢆ㸪ࢩ࣑࣮ࣗࣞࢩࣙࣥᐇ㦂࡟ࡼ
ࡾホ౯ࡋ࡚࠸ࡿ.ࡓࡔࡋ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡀ᭷ຠ࡜࡞ࡿ㡿ᇦࡸ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡀ
࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺࡢ≉ᛶ࡟୚࠼ࡿᙳ㡪ࡣ༑ศ᫂ࡽ࠿࡟ࡉࢀ࡚࠸࡞࠸. 
ࡑࡇ࡛ᮏ❶࡛ࡣ㸪ᩘᏛⓗゎᯒ࡟ࡼࡾ㸪࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺ࡟࠾ࡅࡿ࢝ࢵࢺࢫ
࣮ࣝࣜࣥࢡᑟධࡢຠᯝ (≉࡟㸪࣓ࢵࢭ࣮ࢪ㓄㏦ࡢ㎿㏿ᛶ࡟୚࠼ࡿຠᯝ) ࢆᐃ㔞ⓗ࡟᫂ࡽ࠿࡟
ࡍࡿ.ࣔࣅࣜࢸ࢕ࢆ᭷ࡍࡿ」ᩘࣀ࣮ࢻ㛫࡛ࡢ࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺࢆ㞳ᩓ᫬㛫ࢩࢫ
ࢸ࣒࡜ࡋ࡚ࣔࢹࣝ໬ࡍࡿ.ࣀ࣮ࢻࡀ⛣ືࡍࡿࣇ࢕࣮ࣝࢻ࡟࠾ࡅࡿ㸪ࣀ࣮ࢻࡢ఩⨨ศᕸࡀᆒ୍
࡞ሙྜ࠾ࡼࡧ୙ᆒ୍ࡢሙྜࡢ 2 ✀㢮ࡢゎᯒࢆ⾜࠺.࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢᏑᅾ࡟ࡼࡗ࡚㸪ࣀ
࣮ࢻྠኈࡢぢ࠿ࡅࡢ᥋ゐ☜⋡ࡀ࡝ࡢ⛬ᗘቑຍࡍࡿ࠿ࢆゎᯒⓗ࡟ồࡵࡿࡇ࡜࡟ࡼࡾ㸪࢝ࢵࢺ
ࢫ࣮ࣝࣜࣥࢡࡀ࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺࡢ㎿㏿ᛶ࡟୚࠼ࡿᙳ㡪ࢆゎᯒࡍࡿ. 
 ࡉࡽ࡟ᩘᏛⓗゎᯒ࡟ࡼࡾ㸪࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺ࡟࠾ࡅࡿ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡ
ᑟධࡢຠᯝ (≉࡟㸪࣓ࢵࢭ࣮ࢪ㓄㏦ࡢ㎿㏿ᛶ࡟୚࠼ࡿຠᯝ) ࢆᐃ㔞ⓗ࡟᫂ࡽ࠿࡟ࡍࡿ.ࣔࣅࣜ
ࢸ࢕ࢆ᭷ࡍࡿ」ᩘࣀ࣮ࢻ㛫࡛ࡢ࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺࢆ㞳ᩓ᫬㛫ࢩࢫࢸ࣒࡜ࡋ࡚
ࣔࢹࣝ໬ࡍࡿ.ࣀ࣮ࢻࡀ⛣ືࡍࡿࣇ࢕࣮ࣝࢻ࡟࠾ࡅࡿ㸪ࣀ࣮ࢻࡢ఩⨨ศᕸࡀᆒ୍࡞ሙྜ࠾ࡼ
ࡧ୙ᆒ୍ࡢሙྜࡢ 2 ✀㢮ࡢゎᯒࢆ⾜࠺.࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢᏑᅾ࡟ࡼࡗ࡚㸪ࣀ࣮ࢻྠኈࡢ
ぢ࠿ࡅࡢ᥋ゐ☜⋡ࡀ࡝ࡢ⛬ᗘቑຍࡍࡿ࠿ࢆゎᯒⓗ࡟ồࡵࡿࡇ࡜࡟ࡼࡾ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥ
ࢡࡀ࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺࡢ㎿㏿ᛶ࡟୚࠼ࡿᙳ㡪ࢆゎᯒࡍࡿ. 
௨ୗ㸪6.2 ⠇࡛࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺ࡜࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡ࡟ࡘ࠸࡚ㄝ᫂ࡋ㸪㸪
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6.3 ⠇࡛ࡣ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࢆ⪃៖ࡋࡓ㝿ࡢ࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺ࡟ࡘ࠸࡚ゎ
ᯒࡍࡿ㸪6.4⠇࡛ࡣ 2.3⠇ࡢゎᯒ⤖ᯝࢆ฼⏝ࡋ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢ㓄⨨࡟ࡼࡿᙳ㡪࡟ࡘ
࠸࡚ホ౯㸪6.5⠇࡛ᮏ❶ࢆࡲ࡜ࡵࡿ㸬 
 
6.2 ࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺ࡜࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡ 
6.2.1 ࢚ࣅࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺ 
 ࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺ࡛ࡣ㸪ࢿࢵࢺ࣮࣡ࢡ୰࡛୰⥅ࡉࢀࡿ࣓ࢵࢭ࣮ࢪᩘࡀ᫬㛫
ࡢ⤒㐣࡜࡜ࡶ࡟ᛴ㏿࡟ቑ኱ࡍࡿࡓࡵ㸪࣓ࢵࢭ࣮ࢪᩘࡢቑ኱ࢆᢚไࡍࡿࡓࡵࡢࡉࡲࡊࡲ࡞᪉
ᘧࡀᥦ᱌ࡉࢀ࡚࠸ࡿ[255㸪263].௨ୗ࡛ࡣ㸪3 ✀㢮ࡢ࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺ࢔ࣝࢦ
ࣜࢬ࣒ (P-BCAST㸪SA-BCAST㸪HP-BCAST) ࡢᴫせࢆ㏙࡭ࡿ.ྛ᪉ᘧࡢヲ⣽࡟ࡘ࠸࡚ࡣ㸪
[255㸪263]ࢆཧ↷ࡉࢀࡓ࠸. 
 
z P-BCAST (PUSH-based BroadCast) 
P-BCAST ࡣ㸪࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺࡢ୰࡛ࡶ᭱ࡶ༢⣧࡞᪉ᘧ࡛࠶ࡾ㸪࣓ࢵࢭ࣮
ࢪࢆಖ᭷ࡋ࡚࠸ࡿࣀ࣮ࢻࡀ௚ࡢࣀ࣮ࢻ࡜᥋ゐࡋࡓ࡜ࡁ࡟☜⋡ 1 ࡛࣓ࢵࢭ࣮ࢪࡢ」〇ࢆ୰
⥅ࡍࡿ .୰⥅ࢆ⧞ࡾ㏉ࡍࡇ࡜࡛ࢿࢵࢺ࣮࣡ࢡ඲య࡟࣓ࢵࢭ࣮ࢪࢆ㓄ᕸࡍࡿ .ࡑࡢࡓࡵ 
P-BCAST ࡣ㸪▷࠸ᚅࡕ᫬㛫࡛ࢿࢵࢺ࣮࣡ࢡ඲య࡟࣓ࢵࢭ࣮ࢪࡢ」〇ࢆᣑᩓ࡛ࡁࡿ࡜࠸࠺฼
Ⅼࡀ࠶ࡿ.ࡑࡢ୍᪉㸪ࡍ࡛࡟࣓ࢵࢭ࣮ࢪࢆಖ᭷ࡋ࡚࠸ࡿࣀ࣮ࢻ࡟ࡶ᪂ࡓ࡟࣓ࢵࢭ࣮ࢪࡢ୰⥅
ࢆ⾜࠺ࡓࡵ㸪వศ࡞࣓ࢵࢭ࣮ࢪࡢࢥࣆ࣮ࢆ⏕ᡂࡋ⥆ࡅࡿ࡜࠸࠺ḞⅬࡀ࠶ࡿ.ࡑࡢ⤖ᯝ㸪ࢿࢵ
ࢺ࣮࣡ࢡࡢ㈨※ࢆ኱㔞࡟ᾘ㈝ࡋ⥆ࡅ࡚ࡋࡲ࠺. 
 
z SA-BCAST (Self-Adaptive BroadCast) 
SA-BCAST ࡶ P-BCAST ࡜ྠࡌࡼ࠺࡟ືసࡍࡿࡀ㸪↓㥏࡞㔜」࣓ࢵࢭ࣮ࢪࡢ୰⥅ࢆ㜵ࡄ
ࡓࡵ࡟㸪⮬㌟ࡀ㔜」࣓ࢵࢭ࣮ࢪࢆཷಙࡋࡓሙྜ࡟ࡣ㸪௚ࡢࣀ࣮ࢻࡶࡍ࡛࡟࣓ࢵࢭ࣮ࢪࢆಖ
᭷ࡋ࡚࠸ࡿ☜⋡ࡀ㧗࠸࡜ุ᩿ࡋ㸪࣓ࢵࢭ࣮ࢪࡢ」〇ࢆ୰⥅ࡍࡿ☜⋡ࢆ㐺ᛂⓗ࡟ῶᑡࡉࡏࡿ
࡜࠸࠺᪉ᘧ࡛࠶ࡿ[255]. 
 
z HP-BCAST(History-based P-BCAST) 
HP-BCAST ࡣ P-BCAST ࡜ྠࡌࡼ࠺࡟ືసࡍࡿࡀ㸪↓㥏࡞㔜」࣓ࢵࢭ࣮ࢪࡢ୰⥅ࢆ㜵ࡄ
ࡓࡵ࡟㸪࣓ࢵࢭ࣮ࢪࢆಖᣢࡋ࡚࠸ࡿࣀ࣮ࢻࡢࣜࢫࢺࢆ⟶⌮ࡋ㸪ࡍ࡛࡟࣓ࢵࢭ࣮ࢪࢆಖ᭷ࡋ
࡚࠸ࡿ (࡜ᛮࢃࢀࡿ) ࣀ࣮ࢻ࡟ࡣ᪂ࡓ࡟࣓ࢵࢭ࣮ࢪ୰⥅ࢆ⾜ࢃ࡞࠸࡜࠸࠺᪉ᘧ࡛࠶ࡿ[255]. 
  ᩥ⊩[263]࡛ࡣ㸪P-BCAST ࠾ࡼࡧ HP-BCAST ࢆࡑࢀࡒࢀ౑⏝ࡋࡓ᫬ࡢ㸪࣓ࢵࢭ࣮ࢪᣑ
ᩓ᫬㛫ࡸࢿࢵࢺ࣮࣡ࢡ୰ࢆ㌿㏦ࡉࢀࡿ」〇࣓ࢵࢭ࣮ࢪᩘࢆẚ㍑ࡋ࡚࠸ࡿ .ࡑࡢ⤖ᯝ㸪
P-BCAST ࠾ࡼࡧ HP-BCAST ࡢ࣓ࢵࢭ࣮ࢪᣑᩓ᫬㛫ࡣྠ⛬ᗘ࡛࠶ࡿ࡟ࡶ࠿࠿ࢃࡽࡎ㸪
HP-BCAST ࡣ」〇࣓ࢵࢭ࣮ࢪᩘࢆ኱ᖜ࡟ᢚ࠼ࡽࢀࡿࡇ࡜ࡀ♧ࡉࢀ࡚࠸ࡿ. 
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6.2.2 ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡ 
࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡ࡜ࡣ㸪ࣇ࢕࣮ࣝࢻୖࡢ」ᩘࡢᇶᆅᒁ (ᅛᐃࣀ࣮ࢻ) 㛫ࢆ᥋⥆ࡍࡿ㏻ಙ
ᅇ⥺࡛࠶ࡿ.DTN ࡟࠾ࡅࡿ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢ౛ࢆᅗ 6-1࡟♧ࡍ.ࣇ࢕࣮ࣝࢻୖ࡟ M ྎ
ࡢᇶᆅᒁࢆ㓄⨨ࡋ㸪ࡇࢀࡽࡢᇶᆅᒁ㛫ࢆ M - 1ᮏ௨ୖࡢ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡ࡛᥋⥆ࡍࡿ.ᇶ
ᆅᒁࡣ↓⥺㏻ಙ࠾ࡼࡧ᭷⥺㏻ಙࡢ୧᪉ࡢ࢖ࣥࢱ࣮ࣇ࢙࣮ࢫࢆ᭷ࡋ࡚࠾ࡾ㸪⛣ືࣀ࣮ࢻ (௨ୗ㸪
༢࡟ࠕࣀ࣮ࢻࠖ࡜࿧ࡪ) ࠿ࡽ↓⥺㏻ಙ࡟ࡼࡗ࡚ཷಙࡋࡓ࣓ࢵࢭ࣮ࢪࢆ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡ
ࢆ௓ࡋ࡚௚ࡢᇶᆅᒁ࡬㌿㏦ࡍࡿࡇ࡜ࡀ࡛ࡁࡿ.ࡲࡓ㸪௚ࡢᇶᆅᒁ࠿ࡽ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࢆ
௓ࡋ࡚ཷಙࡋࡓ࣓ࢵࢭ࣮ࢪࢆ㸪㏆㞄ࡢࣀ࣮ࢻ࡟↓⥺㏻ಙ࡟ࡼࡗ࡚㓄㏦ࡍࡿࡇ࡜ࡶ࡛ࡁࡿ. 
ࡉࡲࡊࡲ࡞࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢ฼⏝ἲࡀ⪃࠼ࡽࢀࡿࡀ㸪ᮏ❶࡛ࡣ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥ
ࢡ࡟᥋⥆ࡉࢀࡓᇶᆅᒁࡣ㸪ࡑࢀࡒࢀࡢᇶᆅᒁࡢ↓⥺㏻ಙྍ⬟⠊ᅖෆ࡟Ꮡᅾࡍࡿࣀ࣮ࢻ㛫࡛
࣓ࢵࢭ࣮ࢪࡢ୰⥅ࡢࡳࢆ⾜࠺ሙྜࢆ⪃࠼ࡿ.ࡘࡲࡾ㸪࠶ࡿᇶᆅᒁࡢ↓⥺㏻ಙྍ⬟⠊ᅖෆ࡟࣓
ࢵࢭ࣮ࢪࢆಖ᭷ࡍࡿࣀ࣮ࢻࡀᏑᅾࡋ㸪௚ࡢᇶᆅᒁࡢ↓⥺㏻ಙྍ⬟⠊ᅖෆ࡟࣓ࢵࢭ࣮ࢪࢆಖ
᭷ࡋ࡞࠸ࣀ࣮ࢻࡀᏑᅾࡍࡿሙྜ࡟㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࢆ௓ࡋ࡚࣓ࢵࢭ࣮ࢪࡢ୰⥅ࡀ⾜ࢃ
ࢀࡿ.ࡋ࠿ࡋ㸪ᇶᆅᒁࡣࣂࢵࣇ࢓ࢆ᭷ࡋ࡚࠾ࡽࡎ㸪࣓ࢵࢭ࣮ࢪࡢ⵳✚ࡣ⾜ࢃ࡞࠸࡜ࡍࡿ. 
࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢᑟධ࡟ࡼࡾ࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺࡢᛶ⬟ྥୖࡀᮇᚅ࡛ࡁ
ࡿ [265]ࡀ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢタ⨨⟠ᡤ㸪ᇶᆅᒁࡢ࣓ࢵࢭ࣮ࢪ୰⥅࢔ࣝࢦࣜࢬ࣒ࡸࣂࢵ
ࣇ࢓⟶⌮᪉ἲ࡞࡝㸪ࡉࡲࡊࡲ࡞せᅉࢆ㐺ษ࡟タィࡍࡿᚲせࡀ࠶ࡿ. 
➨୍࡟㸪ᇶᆅᒁࢆࣇ࢕࣮ࣝࢻୖࡢ࡝ࡇ࡟㓄⨨ࡍࡿ࠿࡟ࡼࡗ࡚࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢຠᯝ
ࡀ኱ࡁࡃᕥྑࡉࢀࡿ.┤ឤⓗ࡟ࡣ㸪ᑐ㇟࡜ࡋ࡚࠸ࡿࣇ࢕࣮ࣝࢻୖ࡟➼㛫㝸࡜࡞ࡿࡼ࠺࡟ᇶᆅ
ᒁࢆ㓄⨨ࡍࢀࡤࡼ࠸࡜⪃࠼ࡽࢀࡿ.ᇶᆅᒁࢆࣇ࢕࣮ࣝࢻୖ࡟ᐦ㞟ࡉࡏ࡚㓄⨨ࡍࢀࡤ㸪࢝ࢵࢺ
ࢫ࣮ࣝࣜࣥࢡ࡟ࡼࡗ࡚࣓ࢵࢭ࣮ࢪࡀᣑᩓࡉࢀࡿ⠊ᅖࡀ㝈ᐃⓗ࡜࡞ࡿࡓࡵ㸪࢝ࢵࢺࢫ࣮ࣝࣜ
ࣥࢡࡢຠᯝࡣᑠࡉࡃ࡞ࡿ࡜⪃࠼ࡽࢀࡿ.ࡇࡢࡓࡵ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢຠᯝࢆⓎ᥹ࡉࡏࡿ
ࡓࡵ࡟ࡣ㸪ᇶᆅᒁࢆࣇ࢕࣮ࣝࢻୖࡢ࡝ࡇ࡟タ⨨ࡍࡿ࠿ࢆៅ㔜࡟Ỵᐃࡍࡿᚲせࡀ࠶ࡿ. 
➨஧࡟㸪ࣇ࢕࣮ࣝࢻୖ࡟」ᩘࡢ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡀᏑᅾࡍࡿሙྜ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥ
ࢡ࡟ࡼࡗ࡚ᵓᡂࡉࢀࡿ᭷⥺ࢿࢵࢺ࣮࣡ࢡୖࡢ㸪࡝ࡢᇶᆅᒁ࡟ᑐࡋ࡚࣓ࢵࢭ࣮ࢪࢆ୰⥅ࡍࡿ
࠿ (࣮ࣝࢸ࢕ࣥࢢࡍࡿ࠿) ࢆ㐺ษ࡟Ỵᐃࡍࡿᚲせࡀ࠶ࡿ.༢⣧࡟ࡣ㸪࣓ࢵࢭ࣮ࢪࢆཷಙࡋࡓᇶ
ᆅᒁࡣ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡ࡟ࡼࡗ࡚᥋⥆ࡉࢀ࡚࠸ࡿࡍ࡭࡚ࡢᇶᆅᒁ࡟ᑐࡋ࡚࣓ࢵࢭ࣮ࢪ
ࢆ୰⥅ࡍࢀࡤ㸪ࡼࡾ㎿㏿࡞࣓ࢵࢭ࣮ࢪᣑᩓࡀྍ⬟࡜࡞ࡿ.ࡓࡔࡋ㸪P-BCAST ࡀ㎿㏿ᛶ࡛ࡣ
ඃࢀ࡚࠸ࡿ୍᪉㸪↓㥏࡞࣓ࢵࢭ࣮ࢪ୰⥅ࡀከⓎࡋ࡚ຠ⋡ᛶ࡛ຎࡿࡢ࡜ྠࡌࡼ࠺࡟㸪࢝ࢵࢺ
ࢫ࣮ࣝࣜࣥࢡ࡛᥋⥆ࡉࢀ࡚࠸ࡿࡍ࡭࡚ࡢᇶᆅᒁ࡟ᑐࡋ࡚༢⣧࡟࣓ࢵࢭ࣮ࢪ୰⥅ࢆࡍࢀࡤ㸪
࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺࡢຠ⋡ᛶࡀపୗࡍࡿྍ⬟ᛶࡀ࠶ࡿ. 
➨୕࡟㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡ࡟᥋⥆ࡉࢀࡓᇶᆅᒁࡀࣂࢵࣇ࢓ࢆ᭷ࡍࡿሙྜ㸪࢚ࣆࢹ࣑ࢵ
ࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺ࡟ࡼࡗ࡚୰⥅ࡉࢀ࡚࠸ࡿ࣓ࢵࢭ࣮ࢪࡢ୰࡛㸪࡝ࡢ࣓ࢵࢭ࣮ࢪࢆಖᣢࡋ㸪
࡝ࡢ࣓ࢵࢭ࣮ࢪࢆᗫᲠࡍࡿ࠿ (ᇶᆅᒁࡢࣂࢵࣇ࢓⟶⌮)ࡶ㔜せ࡞ㄢ㢟࡛࠶ࡿ.୍⯡࡟㸪ᇶᆅᒁ
ࡀಖ᭷ࡍࡿࣂࢵࣇ࢓ࡣ᭷㝈࡛࠶ࡾ㸪࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺ࡟ࡼࡗ࡚୰⥅ࡉࢀ࡚࠸
ࡿࡍ࡭࡚ࡢ࣓ࢵࢭ࣮ࢪࢆಖᣢࡋ⥆ࡅࡿࡇ࡜ࡣ୙ྍ⬟࡛࠶ࡿ.ࡇࡢࡓࡵ㸪ᇶᆅᒁࡀ㸪ཷಙࡋࡓ
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࡝ࡢ࣓ࢵࢭ࣮ࢪࢆࣂࢵࣇ࢓࡟᱁⣡ࡋ㸪࡝ࡢ࣓ࢵࢭ࣮ࢪࢆࣂࢵࣇ࢓࠿ࡽ๐㝖ࡍࡿ࡜࠸ࡗࡓࣂ
ࢵࣇ࢓⟶⌮ࡢᡭἲࢆ㐺ษ࡟タィࡍࡿᚲせࡀ࠶ࡿ. 
ᮏ❶࡛ࡣ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡀ࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺࡢຠ⋡ᛶ࡟୚࠼ࡿᙳ㡪
ࢆゎᯒࡍࡿࡇ࡜࡛㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢ᭷ຠᛶࢆᐃ㔞ⓗ࡟᫂ࡽ࠿࡟ࡍࡿ࡜࡜ࡶ࡟㸪➨୍
ࡢၥ㢟 (ᇶᆅᒁࡢ㓄⨨ၥ㢟) ࡟ᑐࡍࡿゎࡶ୚࠼ࡿ.ࡓࡔࡋ㸪➨஧࠾ࡼࡧ➨୕ࡢၥ㢟࡟㛵ࡋ࡚ࡣ
ᮏ✏ࡢゎᯒࡔࡅ࡛ࡣ୙༑ศ࡛࠶ࡾ㸪௒ᚋࡉࡽ࡞ࡿ᳨ウࡀᚲせ࡛࠶ࡿ. 
 
ᅗ 6-1 DTN ࡟࠾ࡅࡿ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡ (ᇶᆅᒁ㛫ࢆ᥋⥆ࡍࡿ㏻ಙᅇ⥺) ࡢ౛ 
 
6.3 ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࢆ⪃៖ࡋࡓ࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕ
ࢫࢺࡢゎᯒ 
6.3.1 ゎᯒ 
ࣔࣅࣜࢸ࢕ࢆ᭷ࡍࡿ Nࣀ࣮ࢻ㛫࡛ࡢ࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺࢆ㞳ᩓ᫬㛫ࢩࢫࢸ࣒
࡜ࡋ࡚ࣔࢹࣝ໬ࡍࡿ (ᅗ 6-2ཧ↷).⡆༢ࡢࡓࡵ㸪ࡇࡇ࡛ࡣ୍✀㢮ࡢ࣓ࢵࢭ࣮ࢪࡢᣑᩓࡔࡅ࡟
╔┠ࡍࡿ.ࣀ࣮ࢻࡢ↓⥺㏻ಙྍ⬟⠊ᅖࢆࡍ࡭࡚➼ࡋࡃ r ࡜ࡋ㸪ࣀ࣮ࢻ࡜ࣀ࣮ࢻࡢ㊥㞳ࡀ r ௨
ୗࡢ᫬࡟࢔ࢻ࣍ࢵࢡ㏻ಙ࡟ࡼࡗ࡚┦஫࡟↓⥺㏻ಙࡀྍ⬟࡟࡞ࡿ࡜ࡍࡿ.ࡲࡓ㸪ࣀ࣮ࢻࡢ⛣ື
㏿ᗘࢆࡍ࡭࡚➼ࡋࡃ v࡜ࡍࡿ.ࣀ࣮ࢻࡀ⛣ືࡍࡿࣇ࢕࣮ࣝࢻࢆ S࡜⾲グࡍࡿ. 
ࣀ࣮ࢻࣔࣅࣜࢸ࢕ࡢᐃᖖᛶࢆ௬ᐃࡋ㸪࠶ࡿࢫࣟࢵࢺ࡟࠾ࡅࡿࣀ࣮ࢻ i࡜ࣀ࣮ࢻ jࡢ᥋ゐ☜
⋡ (᪂ࡓ࡟ࣀ࣮ࢻྠኈࡢ࢔ࢻ࣍ࢵࢡ㏻ಙࡀྍ⬟࡜࡞ࡿ☜⋡) ࢆ ei㸪j࡜⾲グࡍࡿ. 
k␒┠ࡢࢫࣟࢵࢺ࡟࠾ࡅࡿ㸪ࣀ࣮ࢻ iࡢ࣓ࢵࢭ࣮ࢪಖ᭷⋡ࢆȧi(k)࡜⾲グࡍࡿ.࣓ࢵࢭ࣮ࢪ
ಖ᭷⋡࣋ࢡࢺࣝࢆȧi(k)(=t(ȧ1(k))㸪 …㸪 ȧN(k)))࡜⾲グࡍࡿ. 
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࣓ࢵࢭ࣮ࢪࢆಖ᭷ࡍࡿࣀ࣮ࢻࡀ㸪௚ࡢࣀ࣮ࢻ࡜᥋ゐࡋࡓ᫬࡟☜⋡ 1 ࡛࣓ࢵࢭ࣮ࢪࢆ୰⥅
ࡍࡿ P-BCAST (PUSH-based BroadCast) ࡢሙྜࢆ⪃࠼ࡿ.ȧi(k)Ӑ1ࡢ᫬㸪᥋ゐ☜⋡⾜ิ
ࢆ E=(ei㸪j)࡜ࡍࢀࡤ㸪P-BCAST ࡟ࡼࡿ࣓ࢵࢭ࣮ࢪᣑᩓࡢࢲ࢖ࢼ࣑ࢡࢫࡣ㏆ఝⓗ࡟(ᩘᘧ 
6-1)࡛୚࠼ࡽࢀࡿ.  
 (ᩘᘧ 6-1) 
 
ᮏゎᯒ࡛ࡣ㸪ࣇ࢕࣮ࣝࢻୖ࡟ wᮏࡢ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡀᙇࡽࢀ࡚࠸ࡿሙྜࢆ⪃࠼ࡿ.ࡲ
ࡓ㸪ࡇࢀࡽࡢ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡣ w+1ྎࡢᇶᆅᒁ࡟ࡼࡗ࡚ࢶ࣮ࣜࢆᙧᡂࡋ࡚࠸ࡿ࡜ࡍࡿ.
ࡲࡓ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢ㛗ࡉࡣࣀ࣮ࢻࡢ↓⥺㏻ಙྍ⬟⠊ᅖ rࡼࡾࡶ㛗࠸࡜௬ᐃࡍࡿ. 
 
ᅗ 6-2 ゎᯒࣔࢹࣝ 
 
z ࣀ࣮ࢻࡢ఩⨨ศᕸࡀᆒ୍ࡢሙྜ 
ࡲࡎ㸪ࣀ࣮ࢻࡢ఩⨨ศᕸࡀᆒ୍࡛࠶ࡿሙྜࢆ⪃࠼ࡿ.ࡘࡲࡾ㸪ࣇ࢕࣮ࣝࢻୖࡢⅬ xѮS ࡟
࠾ࡅࡿࣀ࣮ࢻ i (1ӌiӌN)ࡢᏑᅾ☜⋡ pi(x)ࡀ(ᩘᘧ 6-2)ࡢ୍ᵝศᕸ࡟ᚑ࠺ሙྜࢆ⪃࠼ࡿ.ࡇࡇ
࡛|S|ࡣࣇ࢕࣮ࣝࢻࡢ኱ࡁࡉࢆ⾲ࡍ.  
 (ᩘᘧ 6-2) 
 
ࣀ࣮ࢻࡢ↓⥺㏻ಙྍ⬟⠊ᅖ࠾ࡼࡧ⛣ື㏿ᗘࡀࡑࢀࡒࢀ r࠾ࡼࡧ v࡛࠶ࡿ࠿ࡽ㸪࠶ࡿࣀ࣮ࢻ 
iࡀ௚ࡢࣀ࣮ࢻ j࡜᥋ゐࡋ㸪ࡑࡢᚋ㸪↓⥺㏻ಙྍ⬟⠊ᅖ࠿ࡽ㞳⬺ࡍࡿࡲ࡛ࡢ᫬㛫ࡢᮇᚅ್ȫ
ࡣ(ᩘᘧ 6-3)࡛୚࠼ࡽࢀࡿ. 
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(ᩘᘧ 6-3) 
ࣀ࣮ࢻ iࡢ↓⥺㏻ಙྍ⬟⠊ᅖෆ࡟ࣀ࣮ࢻ j (ӆi)ࡀᏑᅾࡍࡿ☜⋡ࡀȧr2/|S|࡛࠶ࡿ࠿ࡽ㸪࠶
ࡿࢫࣟࢵࢺ࡟࠾ࡅࡿࣀ࣮ࢻ i࡜ࣀ࣮ࢻ jࡢ᥋ゐ☜⋡ ei㸪jࡣ(ᩘᘧ 6-4)࡛୚࠼ࡽࢀࡿ. 
 
(ᩘᘧ 6-4) 
 
 
࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡀᏑᅾࡍࡿሙྜ㸪ࣀ࣮ࢻྠኈࡢ࢔ࢻ࣍ࢵࢡ㏻ಙ࡟ࡼࡿ┤᥋ⓗ࡞ࠕ᥋
ゐࠖࡔࡅ࡛࡞ࡃ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࢆ௓ࡋࡓࣀ࣮ࢻྠኈࡢ㛫᥋ⓗ࡞ࠕ᥋ゐࠖ࡟ࡼࡗ࡚ࡶ
࣓ࢵࢭ࣮ࢪࡀᣑᩓࡉࢀࡿ.ࡑࡇ࡛௨ୗ࡛ࡣ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢᙳ㡪ࢆ⪃៖ࡋࡓ᥋ゐ☜⋡
⾜ิ E’=(e’i㸪j)ࢆᑟฟࡍࡿ. 
௨ୗ㸪ᇶᆅᒁࡢ఩⨨ศᕸࡀᆒ୍࡛࠶ࡿሙྜࢆ⪃࠼ࡿ.ࡘࡲࡾ㸪ࣇ࢕࣮ࣝࢻୖࡢⅬ xѮS࡟࠾
ࡅࡿᇶᆅᒁ l(1ӌlӌw+1)ࡢᏑᅾ☜⋡ࡀ ql(x) = 1/|S|࡛࠶ࡿሙྜࢆ⪃࠼ࡿ. 
ࣀ࣮ࢻ $i$ ࡜ࣀ࣮ࢻ $j$ ࡣ㸪$w + 1$ ྎࡢᇶᆅᒁࡢ࠺ࡕ㸪࠸ࡎࢀ࠿ 2 ྎࡢᇶᆅᒁ࡜ࡑ
ࢀࡒࢀ㏻ಙྍ⬟࡟࡞ࡗࡓ᫬࡟㝈ࡾ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࢆ௓ࡋ࡚㏻ಙࡀྍ⬟࡜࡞ࡿ.ᚑࡗ࡚㸪
࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢᙳ㡪ࢆ⪃៖ࡋࡓ᥋ゐ☜⋡ e'i㸪jࡣ(ᩘᘧ 6-5)࡟ࡼࡗ࡚୚࠼ࡽࢀࡿ. 
 
(ᩘᘧ 6-5) 
 
 
z ࣀ࣮ࢻࡢ఩⨨ศᕸࡀ୙ᆒ୍ࡢሙྜ 
ḟ࡟㸪ࣀ࣮ࢻࡢ఩⨨ศᕸࡀ୙ᆒ୍࡛࠶ࡿሙྜࢆ⪃࠼ࡿ.ࡘࡲࡾ㸪ࣇ࢕࣮ࣝࢻୖࡢⅬ xѮS
࡟࠾ࡅࡿࣀ࣮ࢻ i (1ӌiӌN)ࡢᏑᅾ☜⋡ࡀ pi(x)࡛୚࠼ࡽࢀࡿሙྜࢆ⪃࠼ࡿ. 
ࡇࡢ᫬㸪࠶ࡿࢫࣟࢵࢺ࡟࠾ࡅࡿࣀ࣮ࢻ i ࡜ࣀ࣮ࢻ j ࡢ᥋ゐ☜⋡ ei㸪jࡣ(ᩘᘧ 6-6)࡛୚࠼ࡽ
ࢀࡿ.ࡇࡇ࡛ D(x㸪 r)ࡣⅬ xࢆ୰ᚰ࡜ࡍࡿ༙ᚄ rࡢ㡿ᇦ࡛࠶ࡿ. 
 
(ᩘᘧ 6-6) 
 
 
௨ୗ࡛ࡣ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢᙳ㡪ࢆ⪃៖ࡋࡓ᥋ゐ☜⋡⾜ิ E’=(e’i㸪j)ࢆᑟฟࡍࡿ. 
ᇶᆅᒁ l (1ӌlӌw+1)ࡢᗙᶆࢆ zl࡜⾲グࡍࡿ.ࣀ࣮ࢻ i࡜ࣀ࣮ࢻ j (ӆi)ࡣ w + 1ྎࡢᇶᆅᒁ
ࡢ࠺ࡕ㸪࠸ࡎࢀ࠿ 2 ྎࡢᇶᆅᒁ࡜ࡑࢀࡒࢀ㏻ಙྍ⬟࡟࡞ࡗࡓ᫬࡟㝈ࡾ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡ
ࢆ௓ࡋ࡚㏻ಙࡀྍ⬟࡜࡞ࡿ.ࣀ࣮ࢻ i࡜ࣀ࣮ࢻ j (ӆi)ࡀࡑࢀࡒࢀᇶᆅᒁ l࠾ࡼࡧᇶᆅᒁm (ӆ
l)ࢆ௓ࡋ࡚᥋ゐࡍࡿ☜⋡ࡣ(ᩘᘧ 6-7)࡛୚࠼ࡽࢀࡿ.ᚑࡗ࡚㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢᙳ㡪ࢆ⪃
៖ࡋࡓ᥋ゐ☜⋡ e'i㸪jࡣ(ᩘᘧ 6-8)࡟ࡼࡗ࡚୚࠼ࡽࢀࡿ. 
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(ᩘᘧ 6-7) 
 
 
(ᩘᘧ 6-8) 
 
 
 
z ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡ㏣ຍࡢຠᯝศᯒ 
࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺ࡟࠾࠸࡚㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࢆ 1 ᮏ㏣ຍࡍࡿࡇ࡜ࡢຠ
ᯝࢆศᯒࡍࡿ.࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᩘࢆ w ࠿ࡽ w+1 ࡟ቑຍࡍࡿ࡜㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࢆ
௓ࡋࡓ࣓ࢵࢭ࣮ࢪᣑᩓࡀቑຍࡋ㸪࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺࡢ㎿㏿ᛶࡣᨵၿࡉࢀࡿ.ࡲ
ࡓ㸪ࣀ࣮ࢻࡢ↓⥺㏻ಙྍ⬟⠊ᅖࢆ r࠿ࡽ r +Ǽr࡟ቑຍࡍࡿ࡜㸪ࣀ࣮ࢻྠኈࡢ᥋ゐ☜⋡ࡀቑ
ຍࡍࡿࡓࡵ㸪࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺࡢ㎿㏿ᛶࡣᨵၿࡉࢀࡿ.ࡑࡇ࡛௨ୗ࡛ࡣ㸪࢝ࢵ
ࢺࢫ࣮ࣝࣜࣥࢡᩘࢆ w࠿ࡽ w+1࡟ቑຍࡍࡿࡇ࡜࡟┦ᙜࡍࡿ㸪ࣀ࣮ࢻࡢ↓⥺㏻ಙྍ⬟⠊ᅖࡢ
ቑຍ㔞Ǽrࢆᑟฟࡍࡿ. 
࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺࡢࢲ࢖ࢼ࣑ࢡࢫࡣ (ᩘᘧ 6-1)࡛୚࠼ࡽࢀࡿ.ᚑࡗ࡚㸪࢝ࢵ
ࢺࢫ࣮ࣝࣜࣥࢡᩘࢆw࠿ࡽw+1࡟ቑຍࡋࡓ᫬ࡢ(࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢᙳ㡪ࢆ⪃៖ࡋࡓ) ᥋
ゐ☜⋡ ((ᩘᘧ 6-5)࠾ࡼࡧ(ᩘᘧ 6-8)) ࡀ㸪ࣀ࣮ࢻࡢ↓⥺㏻ಙྍ⬟⠊ᅖࢆ r࠿ࡽ r+Ǽr࡟ቑຍ
ࡋࡓ᫬ࡢ᥋ゐ☜⋡࡜➼ࡋࡃ࡞ࡿ. 
(ᩘᘧ 6-9)ࢆǼr࡟ࡘ࠸࡚ゎࡃࡇ࡜࡟ࡼࡾ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࢆ 1 ᮏ㏣ຍࡍࡿࡇ࡜࡟┦
ᙜࡍࡿ㸪ࣀ࣮ࢻࡢ↓⥺㏻ಙྍ⬟⠊ᅖࡢቑຍ㔞Ǽrࢆồࡵࡿࡇ࡜ࡀ࡛ࡁࡿ. 
(ᩘᘧ 6-9) 
 
 
6.3.2 ᩘ ್౛ 
௨ୗࡢᩘ್౛࡛ࡣ㸪≉࡟᩿ࢃࡾࡢ࡞࠸㝈ࡾḟࡢࡼ࠺࡞ࣃ࣓ࣛࢱࢆ⏝࠸࡚࠸ࡿ: ࣀ࣮ࢻᩘ 
N = 20㸪ࣀ࣮ࢻ࠾ࡼࡧᇶᆅᒁࡢ↓⥺㏻ಙྍ⬟⠊ᅖ r =50[m]㸪ࣀ࣮ࢻࡢ⛣ື㏿ᗘ v = 4 [km/h]. 
 
z ࣀ࣮ࢻࡢ఩⨨ศᕸࡀᆒ୍ࡢሙྜ 
࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᩘࢆ 0㹼5 ࡜ኚ໬ࡉࡏࡓ᫬ࡢ㸪ࢫࣟࢵࢺ k ࡟࠾ࡅࡿࣀ࣮ࢻࡢᖹᆒ࣓
ࢵࢭ࣮ࢪಖ᭷⋡ E[ȧi(k)]ࡢኚ໬ࢆᅗ 6-3 ࡟♧ࡍ.ࡇࡇ࡛ࡣ㸪ࣇ࢕࣮ࣝࢻࡢ኱ࡁࡉࢆ|S| = 
250㸪000[m2]㸪ࢫࣟࢵࢺ㛗ࢆ 1[s] ࡜ࡋ࡚࠸ࡿ.ึᮇ≧ែ࡟࠾ࡅࡿࣀ࣮ࢻ 1ࡢಖ᭷⋡ࢆ ȧ1(0) 
= 10-4࡜ࡋ㸪ࡑࢀ௨እࡢࣀ࣮ࢻࡢಖ᭷⋡ࢆࡍ࡭࡚ 0 ࡜タᐃࡋ࡚࠸ࡿ.ࡇࡢ⤖ᯝࡼࡾ㸪ᩘᮏࡢ
࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࢆᑟධࡍࡿࡇ࡜࡟ࡼࡾ㸪࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺ࡟ࡼࡿ᝟ሗᣑ
ᩓ㏿ᗘࡀ኱ᖜ࡟ቑຍࡍࡿࡇ࡜ࡀࢃ࠿ࡿ. 
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ᮏゎᯒ࡛ᑐ㇟࡜ࡋ࡚࠸ࡿ P-BCAST ࡛ࡣ㸪࣓ࢵࢭ࣮ࢪࢆಖ᭷ࡋ࡚࠸ࡿࣀ࣮ࢻࡣ☜⋡ 1 
࡛࣓ࢵࢭ࣮ࢪࢆ୰⥅ࡍࡿ.ࡇࡢࡓࡵ㸪ࣀ࣮ࢻࡢᖹᆒ࣓ࢵࢭ࣮ࢪಖ᭷⋡ E[ȧi(k)]ࡀ࠶ࡿ⛬ᗘ኱
ࡁࡃ࡞ࢀࡤ㸪࣓ࢵࢭ࣮ࢪࡣᛴ㏿࡟ᣑᩓࡉࢀࡿࡼ࠺࡟࡞ࡿ.ᅗ 6-3࠿ࡽࡶ㸪࢚ࣆࢹ࣑ࢵࢡࣈࣟ
࣮ࢻ࢟ࣕࢫࢺࢆ㛤ጞࡋࡓ┤ᚋࡣᖹᆒ࣓ࢵࢭ࣮ࢪಖ᭷⋡ E[ȧi(k)]ࡢୖ᪼ࡣ⦆ࡸ࠿࡛࠶ࡿࡀ㸪
᫬㛫ࡀ⤒㐣ࡍࡿ࡟ࡘࢀ (ࢫࣟࢵࢺᩘࡀ኱ࡁࡃ࡞ࡿ࡟ࡘࢀ) ᖹᆒ࣓ࢵࢭ࣮ࢪಖ᭷⋡ E[ȧi(k)]
ࡀᛴ⃭࡟ቑຍࡋ࡚࠸ࡿࡇ࡜ࡀࢃ࠿ࡿ.࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࢆᑟධࡍࡿࡇ࡜࡟ࡼࡾ㸪࣓ࢵࢭ࣮
ࢪࡀᛴ㏿࡟ᣑᩓࡍࡿࡲ࡛ࡢ᫬㛫ࡀ኱ᖜ࡟▷⦰ࡉࢀ࡚࠸ࡿࡇ࡜ࡀࢃ࠿ࡿ. 
ࣀ࣮ࢻᩘࢆ N=20࠿ࡽ N=40࡬࡜ቑຍࡉࡏࡓ᫬ࡢ⤖ᯝࢆᅗ 6-4 ࡟♧ࡍ.ࣀ࣮ࢻᩘࢆ 2 ಸ
࡟ቑຍࡉࡏࡓⅬࢆ㝖ࡁ㸪ࡑࢀ௨እࡢ᮲௳ࡣᅗ 6-3࡜ྠ୍࡛࠶ࡿ.ࡇࡢ⤖ᯝ࠿ࡽ㸪ࣀ࣮ࢻᩘࡀ
኱ࡁ࠸ (ࡘࡲࡾ㸪ࣇ࢕࣮ࣝࢻୖࡢࣀ࣮ࢻᐦᗘࡀ㧗࠸) ሙྜ࡛ࡶ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢᑟධ
࡟ࡼࡗ࡚࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺࡢ㎿㏿ᛶࡀ኱ᖜ࡟ᨵၿࡉࢀࡿࡇ࡜ࡀࢃ࠿ࡿ.ࡲࡓ㸪
࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᩘࡢቑຍࡀ㸪࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺࡢ࣓ࢵࢭ࣮ࢪ㓄㏦᫬㛫ࡢ
๐ῶ࡟୚࠼ࡿᙳ㡪ࡣ㸪࡯ࡰ⥺ᙧ࡛࠶ࡿࡇ࡜ࡶࢃ࠿ࡿ. 
ࡉࡽ࡟㸪ࣀ࣮ࢻᩘࡣN=20࡛࠶ࡿࡀ㸪ࣀ࣮ࢻ࠾ࡼࡧᇶᆅᒁࡢ↓⥺㏻ಙྍ⬟⠊ᅖࢆ r= 75 [m] 
࡜ࡋࡓ᫬ࡢ⤖ᯝࢆᅗ 6-5࡟♧ࡍ.ࣀ࣮ࢻ࠾ࡼࡧᇶᆅᒁࡢ↓⥺㏻ಙྍ⬟⠊ᅖࡀቑຍࡋࡓⅬࢆ㝖
ࡁ㸪ࡑࢀ௨እࡢ᮲௳ࡣᅗ 6-3࡜ྠ୍࡛࠶ࡿ.ࡇࡢ⤖ᯝ࠿ࡽ㸪ࣀ࣮ࢻࡢ↓⥺㏻ಙྍ⬟⠊ᅖࡀ኱
ࡁ࠸ሙྜ࡛࠶ࡗ࡚ࡶ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࢆᑟධࡍࡿࡇ࡜࡟ࡼࡾ࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟
ࣕࢫࢺࡢ㎿㏿ᛶࡀ኱ᖜ࡟ᨵၿࡉࢀࡿࡇ࡜ࡀࢃ࠿ࡿ. 
ḟ࡟㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࢆ 1 ᮏ㏣ຍࡍࡿࡇ࡜࡟┦ᙜࡍࡿ㸪ࣀ࣮ࢻࡢ↓⥺㏻ಙྍ⬟⠊ᅖ
ࡢቑຍ㔞Ǽrࢆᅗ 6-6࠾ࡼࡧᅗ 6-7࡟♧ࡍ.ᅗ 6-6࠾ࡼࡧᅗ 6-7ࡣ㸪ࡑࢀࡒࢀ|S|= 250㸪
000 [m2] ࠾ࡼࡧ|S|=1㸪000㸪000[m2] ࡢሙྜࡢ⤖ᯝ࡛࠶ࡿ.ࡑࡢ௚ࡢ᮲௳ࡣ㸪 ᅗ 6-3 ࡜
ྠ୍࡛࠶ࡿ. 
ࡇࢀࡽࡢ⤖ᯝࡼࡾ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࢆ 1 ᮏ㏣ຍࡍࡿຠᯝࡣ㸪ࣀ࣮ࢻࡢ↓⥺㏻ಙྍ⬟
⠊ᅖ r ࡀ኱ࡁ࠸࡯࡝㸪ࡲࡓ㸪ࣇ࢕࣮ࣝࢻୖ࡟Ꮡᅾࡍࡿ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᩘ w ࡀᑡ࡞࠸࡯
࡝ࡼࡾຠᯝࡀ㧗࠸ࡇ࡜ࡀࢃ࠿ࡿ.౛࠼ࡤ㸪ࣀ࣮ࢻࡢ↓⥺㏻ಙྍ⬟⠊ᅖࡀ r=100[m]ࡢ᫬࡟ὀ┠
ࡍࡿ࡜㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࢆ 1 ᮏ㏣ຍࡍࡿຠᯝࡣ㸪ࣀ࣮ࢻࡢ↓⥺㏻ಙྍ⬟⠊ᅖࢆ 10㹼
20%⛬ᗘቑຍࡉࡏࡿࡇ࡜࡟┦ᙜࡍࡿࡇ࡜ࡀࢃ࠿ࡿ. 
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ᅗ 6-3 ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᩘ(w=0㹼5)ࡢᖹᆒ࣓ࢵࢭ࣮ࢪಖ᭷⋡ࡢኚ໬ 
(ࣀ࣮ࢻࡢ఩⨨ศᕸࡀ஧ḟඖ୍ᵝศᕸ࡟ᚑ࠺ሙྜ) (N =20㸪r =50 [m]㸪v = 4[km/h]) 
 
 
 
 
ᅗ 6-4 ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᩘ(w=0㹼5)ࡢᖹᆒ࣓ࢵࢭ࣮ࢪಖ᭷⋡ࡢኚ໬ 
(ࣀ࣮ࢻࡢ఩⨨ศᕸࡀ஧ḟඖ୍ᵝศᕸ࡟ᚑ࠺ሙྜ) (N =40㸪r=50[m]㸪v=4 [km/h]) 
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ᅗ 6-5 ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᩘ(w=0㹼5)ࡢᖹᆒ࣓ࢵࢭ࣮ࢪಖ᭷⋡ࡢኚ໬ 
(ࣀ࣮ࢻࡢ఩⨨ศᕸࡀ஧ḟඖ୍ᵝศᕸ࡟ᚑ࠺ሙྜ) (N=20㸪r=75[m]㸪 v=4 [km/h]) 
 
 
ᅗ 6-6 ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡ 1 ᮏ㏣ຍ࡟┦ᙜࡍࡿࣀ࣮ࢻࡢ↓⥺㏻ಙྍ⬟⠊ᅖ 
ቑຍ㔞Ǽr(|S|=250㸪000[m2]㸪v=4 [km/h])ࡢሙྜ 
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ᅗ 6-7 ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡ 1 ᮏ㏣ຍ࡟┦ᙜࡍࡿࣀ࣮ࢻࡢ↓⥺㏻ಙྍ⬟⠊ᅖ 
ቑຍ㔞Ǽr (|S|=1㸪000㸪000[m2]㸪v=4 [km/h])ࡢሙྜ 
 
ᅗ 6-8 ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᩘ(w=0㸪1) ࡢ᫬ࡢᖹᆒ࣓ࢵࢭ࣮ࢪಖ᭷⋡ࡢኚ໬ 
(ࣀ࣮ࢻࡢ఩⨨ศᕸࡀ஧ḟඖṇつศᕸ࡟ᚑ࠺ሙྜ) (N=20㸪r=50[m]㸪 v =4[km/h]) 
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z ࣀ࣮ࢻࡢ఩⨨ศᕸࡀ୙ᆒ୍ࡢሙྜ 
࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢᩘࡀ 0 ࠾ࡼࡧ 1 ࡢ᫬ࡢ㸪ࢫࣟࢵࢺ k ࡟࠾ࡅࡿᖹᆒ࣓ࢵࢭ࣮ࢪಖ
᭷⋡ E[ȧi(k)] ࡢኚ໬ࢆᅗ 6-8࡟♧ࡍ.ࡇࡇ࡛ࡣ㸪ྛ ࣀ࣮ࢻࡢ఩⨨ศᕸࢆ㸪ཎⅬ (ࣇ࢕࣮ࣝࢻ
ࡢ୰ኸ) ࢆ୰ᚰ࡜ࡋ㸪ᶆ‽೫ᕪࡀ 200~[m] ࡢ஧ḟඖṇつศᕸ࡛୚࠼࡚࠸ࡿ.࢝ࢵࢺࢫ࣮ࣝࣜ
ࣥࢡᩘࡀ 1 ࡢሙྜࡣ㸪2 ྎࡢᇶᆅᒁࢆ㸪z1=(-d㸪 0)㸪 z2=(d㸪 0) ࡜㓄⨨ࡋ㸪dࢆ 50㸪100㸪
200~[m] ࡜ኚ໬ࡉࡏࡓ.ึᮇ≧ែ࡟࠾ࡅࡿࣀ࣮ࢻࡢಖ᭷⋡ࡣᅗ 6-3 ࡜ྠࡌࡼ࠺࡟タᐃࡋࡓ.
ࡇࡢ⤖ᯝࡼࡾ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢᇶᆅᒁࢆࣀ࣮ࢻࡢ఩⨨ศᕸ࡟ᛂࡌ࡚㐺ษ࡟㓄⨨ࡍࡿ
ࡇ࡜࡟ࡼࡾ㸪࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺࡢᛶ⬟ࡀ኱ᖜ࡟ྥୖࡍࡿࡇ࡜ࡀࢃ࠿ࡿ. 
 
6.4 ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡀ࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺ࡟୚
࠼ࡿᙳ㡪ホ౯ 
௨ୗ࡛ࡣ㸪6.3⠇࡛㏙࡭ࡓゎᯒࢆ฼⏝ࡍࡿࡇ࡜࡟ࡼࡾ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢᇶᆅᒁ㓄⨨
ࡀ࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺࡢ㎿㏿ᛶ࡟୚࠼ࡿᙳ㡪ࢆㄪᰝࡍࡿ. 
ࣇ࢕࣮ࣝࢻୖ࡟ 5 ྎࡢࣀ࣮ࢻࡀᏑᅾࡍࡿሙྜࢆ⪃࠼ࡿ.ࣀ࣮ࢻ 1 ࡢ఩⨨ศᕸࡀ㸪ᖹᆒ (0㸪 
0)㸪ᶆ‽೫ᕪ 100 [m] ࡢ஧ḟඖṇつศᕸ࡟ᚑ࠸㸪ࣀ࣮ࢻ 2--5ࡢ఩⨨ศᕸࡀ㸪ᖹᆒࡀࡑࢀࡒ
ࢀ (-100㸪 100)㸪(100㸪 100)㸪(-100㸪-100)㸪(100㸪 -100) ࡛࠶ࡾ㸪ᶆ‽೫ᕪࡀ 50 [m] ࡢ
஧ḟඖṇつศᕸ࡟ᚑ࠺࡜ࡍࡿ.ࣀ࣮ࢻࡢ఩⨨ศᕸࢆᅗ 6-9 ࡟♧ࡍ.ࣀ࣮ࢻ࠾ࡼࡧᇶᆅᒁࡢ↓
⥺㏻ಙྍ⬟⠊ᅖ r=50[m]㸪ࣀ࣮ࢻࡢ⛣ື㏿ᗘ v=4[km/h] ࡜ࡍࡿ.ึᮇ≧ែ࡟࠾ࡅࡿྛࣀ࣮ࢻ
ࡢ࣓ࢵࢭ࣮ࢪಖ᭷⋡ࢆ 0.01 ࡜ࡍࡿ.࡞࠾௨ୗࡢᩘ್౛࡛ࡣ㸪ィ⟬ࡢ⡆༢໬ࡢࡓࡵ㸪↓⥺㏻
ಙྍ⬟⠊ᅖ D(x㸪 r)࡜ࡋ୍࡚㎶ rࡢṇ᪉㡿ᇦࢆ⏝࠸࡚࠸ࡿ. 
࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡀ 1 ᮏࡢሙྜࢆ⪃࠼㸪୍᪉ࡢᇶᆅᒁࢆ z1= (0㸪0)࡟㓄⨨ࡋ㸪௚᪉ࡢ
ᇶᆅᒁࢆࣇ࢕࣮ࣝࢻୖࡢࡉࡲࡊࡲ࡞ሙᡤ z2=(x㸪 y)(ࡓࡔࡋ x㸪 y Ӎ0) ࡟㓄⨨ࡋࡓ᫬ࡢ㸪1㸪
000 ␒┠ࡢࢫࣟࢵࢺ࡟࠾ࡅࡿᖹᆒ࣓ࢵࢭ࣮ࢪಖ᭷⋡ȟ (1000)ࢆᅗ 6-10࡟♧ࡍ.k␒┠ࡢࢫ
ࣟࢵࢺ࡟࠾ࡅࡿᖹᆒ࣓ࢵࢭ࣮ࢪಖ᭷⋡ȟ (k)࡜ࡣ㸪ึ ᮇ≧ែ࠿ࡽ࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕ
ࢫࢺࢆ㛤ጞࡋࡓ᫬ࡢ㸪ȟ (k)␒┠ࡢࢫࣟࢵࢺ࡟࠾ࡅࡿ඲ࣀ࣮ࢻࡢᖹᆒ࣓ࢵࢭ࣮ࢪಖ᭷⋡ 
E[ȧi(k)]࡛࠶ࡿ.ྠᵝ࡟㸪୍᪉ࡢᇶᆅᒁࢆ z1= (-50㸪-50)࠾ࡼࡧ z1= (-100㸪 -100)࡟㓄⨨ࡋࡓ
᫬ࡢ⤖ᯝࢆࡑࢀࡒࢀᅗ 6-11࠾ࡼࡧᅗ 6-12࡟ࡑࢀࡒࢀ♧ࡍ. 
ࡇࢀࡽࡢ⤖ᯝࡼࡾ㸪୍᪉ࡢᇶᆅᒁࢆ z1=(0㸪 0)࡟㓄⨨ࡋࡓሙྜ (ᅗ 6-10) ࡟ࡣ㸪௚᪉ࡢ
ᇶᆅᒁࢆ z2= (100㸪 100)㏆㎶࡟㓄⨨ࡋࡓ᫬࡟ᖹᆒ࣓ࢵࢭ࣮ࢪಖ᭷⋡ࡀ᭱኱࡟࡞ࡿ.ᇶᆅᒁࢆ
z1=(-50㸪 -50)࡟㓄⨨ࡋࡓሙྜ (ᅗ 6-11) ࡸ㸪z1=(-100㸪 -100)࡟㓄⨨ࡋࡓሙྜ (ᅗ 6-12) ࡟
ࡶ㸪௚᪉ࡢᇶᆅᒁࢆ z2=(100㸪 100)㏆㎶࡟㓄⨨ࡋࡓ᫬࡟ᖹᆒ࣓ࢵࢭ࣮ࢪಖ᭷⋡ࡀ᭱኱࡟࡞
ࡿ.ࡇࢀࡣࡘࡲࡾ㸪ᮏᐇ㦂ࡢ᮲௳ୗ࡛ࡣ㸪ࡼࡾከᩘࡢࣀ࣮ࢻ࡜᥋ゐࡍࡿᶵ఍ࡢከ࠸ࣀ࣮ࢻ (ࣀ
࣮ࢻ 1) ࡢ఩⨨ࢆᇶ‽࡜ࡋ࡚ᇶᆅᒁࢆ㓄⨨ࡍࡿࡼࡾࡶ㸪ࡼࡾᇶᆅᒁ࡜᥋ゐ㢖ᗘࡀ㧗࠸ࣀ࣮ࢻ 
(ࣀ࣮ࢻ 2--5) ࡢ఩⨨ࢆᇶ‽࡜ࡋ࡚ᇶᆅᒁࢆ㓄⨨ࡍࡿࡇ࡜ࡀᮃࡲࡋ࠸ࡇ࡜ࢆព࿡ࡍࡿ. 
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ᅗ 6-9 ࣀ࣮ࢻࡢ఩⨨ศᕸ (つ๎ⓗ࡟㓄⨨ࡉࢀࡓ 5 ࣀ࣮ࢻ) 
 
 
 
ᅗ 6-10 ᇶᆅᒁࢆ z1=(0㸪 0)࡟㓄⨨ࡋࡓሙྜࡢᖹᆒ࣓ࢵࢭ࣮ࢪಖ᭷⋡ 
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ᅗ 6-11 ᇶᆅᒁࢆ z1= (-50, -50)࡟㓄⨨ࡋࡓሙྜࡢᖹᆒ࣓ࢵࢭ࣮ࢪಖ᭷⋡ 
 
 
 
 
 
ᅗ 6-12 ᇶᆅᒁࢆ z1= (-100, -100)࡟㓄⨨ࡋࡓሙྜࡢᖹᆒ࣓ࢵࢭ࣮ࢪಖ᭷⋡ 
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6.4.1 ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᇶᆅᒁ㓄⨨࢔ࣝࢦࣜࢬ࣒ 
࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢᇶᆅᒁ㓄⨨ࡣ㸪⤌ࡳྜࢃࡏ᭱㐺໬ၥ㢟ࡢ୍✀࡛࠶ࡿ.ࡘࡲࡾ㸪࢝ࢵ
ࢺࢫ࣮ࣝࣜࣥࢡࡢᇶᆅᒁᩘM࡜㸪ࣀ࣮ࢻࡢ఩⨨ศᕸ࠾ࡼࡧึᮇ≧ែ࡟࠾ࡅࡿࣀ࣮ࢻࡢ࣓ࢵ
ࢭ࣮ࢪಖ᭷⋡ࢆධຊ࡜ࡋ㸪M ྎࡢ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᇶᆅᒁࡢᗙᶆࢆฟຊ࡜ࡍࡿ⤌ࡳྜࢃ
ࡏ᭱㐺໬ၥ㢟࡜⪃࠼ࡿࡇ࡜ࡀ࡛ࡁࡿ.ࡓࡔࡋ㸪Mྎࡢ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᇶᆅᒁࡢ㓄⨨ࡢ⤌
ࡳྜࡏࡣ↓ᩘ࡟Ꮡᅾࡍࡿࡓࡵ㸪᭱㐺࡞ᇶᆅᒁ㓄⨨ࢆồࡵࡿࡇ࡜ࡣᐜ࡛᫆ࡣ࡞ࡃ㸪ఱࡽ࠿ࡢ
ࣄ࣮ࣗࣜࢫࢸ࢕ࢵࢡ࡞ゎἲࡀồࡵࡽࢀࡿ. 
ࡑࡇ࡛ᮏ㡯࡛ࡣ㸪4 ✀㢮ࡢ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᇶᆅᒁ㓄⨨࢔ࣝࢦࣜࢬ࣒ (㈎ḧἲ㸪ᆒ➼໬
ἲ㸪ᖹ㠃ศ๭ἲ㸪ࣛࣥࢲ࣒ἲ) ࢆᑐ㇟࡜ࡋ㸪ࡇࢀࡽࡢᇶᆅᒁ㓄⨨࢔ࣝࢦࣜࢬ࣒ࡢ≉ᛶࢆẚ㍑
ࡍࡿ. 
ࡲࡎ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᇶᆅᒁ㓄⨨࢔ࣝࢦࣜࢬ࣒ࡀᣢࡘ࡭ࡁ≉ᚩ࡟ࡘ࠸࡚㆟ㄽࡍࡿ.┤
ឤⓗ࡟ࡣ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᇶᆅᒁ㓄⨨࢔ࣝࢦࣜࢬ࣒ࡣ㸪࡛ࡁࡿࡔࡅࣀ࣮ࢻ࡜᥋ゐࡍࡿ
ྍ⬟ᛶࡀ㧗࠸⟠ᡤ࡟࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢᇶᆅᒁࢆ㓄⨨ࡍࡿࡇ࡜ࡀᮃࡲࡋ࠸࡜⪃࠼ࡽࢀࡿ.
࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢᇶᆅᒁࢆ㓄⨨ࡋ࡚ࡶ㸪ࡑࡢ࿘㎶࡟ࣀ࣮ࢻࡀᏑᅾࡋ࡞ࡅࢀࡤ࢝ࢵࢺࢫ
࣮ࣝࣜࣥࢡࡀຠᯝࢆⓎ᥹ࡋ࡞࠸.ࡇࡢࡇ࡜ࡣ㸪6.3⠇࡟࠾ࡅࡿศᯒ⤖ᯝ࡜୍⮴ࡍࡿ. 
ࡓࡔࡋࡑࡢ୍᪉࡛㸪࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺࡢ┠ⓗ (ࣇ࢕࣮ࣝࢻୖࡢࡍ࡭࡚ࡢࣀ࣮
ࢻ࡟㸪࣓ࢵࢭ࣮ࢪࢆ࡛ࡁࡿࡔࡅ㎿㏿࡟ࣈ࣮ࣟࢻ࢟ࣕࢫࢺࡍࡿ) ࢆ⪃࠼ࡿ࡜㸪࠶ࡿ≉ᐃࡢࣀ࣮
ࢻ㛫ࡢ᥋ゐ☜⋡ࢆ㧗ࡵࡿࡔࡅ࡛ࡣ༑ศ࡛ࡣ࡞࠸࡜ࡶ⪃࠼ࡽࢀࡿ.ᚑࡗ࡚㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥ
ࢡᇶᆅᒁ㓄⨨࢔ࣝࢦࣜࢬ࣒ࡣ㸪ࣀ࣮ࢻྠኈࡢ (࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡ࡟ࡼࡿ㛫᥋᥋ゐࡶྵࡵ
ࡓ) ぢ࠿ࡅࡢ᥋ゐ☜⋡ࡀ࡞ࡿ࡭ࡃᆒ➼࡜࡞ࡿࡼ࠺࡟ᇶᆅᒁࢆ㓄⨨ࡍ࡭ࡁ࡜ࡶ⪃࠼ࡽࢀࡿ. 
ᮏ㡯࡛ࡣ㸪ୖグࡢࡼ࠺࡞⪃࠼ࡢࡶ࡜࡟㸪㈎ḧἲ㸪ᆒ➼໬ἲ㸪ᖹ㠃ศ๭ἲ㸪ࣛࣥࢲ࣒ἲࡢ 4 
✀㢮ࡢ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᇶᆅᒁ㓄⨨࢔ࣝࢦࣜࢬ࣒ࢆ⪃࠼ࡿ. 
 
A) ㈎ḧἲ 
㈎ḧἲࡣ㸪᪂ࡓ࡟࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢᇶᆅᒁࢆ㓄⨨ࡋࡓሙྜ࡟㸪ࣀ࣮ࢻ࡜ࡑࡢᇶᆅᒁ
࡜ࡢ᥋ゐ☜⋡ࡢቑຍ㔞ࡀ᭱኱࡜࡞ࡿⅬࢆ㡰␒࡟ M ಶ㑅ᢥࡍࡿ࡜࠸࠺࢔ࣝࢦࣜࢬ࣒࡛࠶ࡿ.
ࣀ࣮ࢻࡀ㢖⦾࡟ゼၥࡍࡿ࡜ᮇᚅࡉࢀࡿ⟠ᡤ࡟࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢᇶᆅᒁࢆ㓄⨨ࡍࡿࡇ࡜
࡟ࡼࡾ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢຠᯝࡀ㧗ࡲࡿࡇ࡜ࢆᮇᚅࡋ࡚࠸ࡿ. 
ලయⓗ࡟ࡣ㸪l␒┠ࡢ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᇶᆅᒁࡢᗙᶆ zlࢆ(ᩘᘧ 6-10)ࡢࡼ࠺࡟Ỵᐃࡍࡿ. 
 
(ᩘᘧ 6-10) 
 
ࡇࡇ࡛ Blࡣ l␒┠ࡢ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᇶᆅᒁ zlࢆ୰ᚰ࡜ࡍࡿ༙ᚄ rࡢ㡿ᇦ (ӉD(zl㸪 r)) 
࡛࠶ࡿ.ࡲࡓ㸪ȅࡣࣀ࣮ࢻࡢ㞟ྜ࡛࠶ࡿ.᪤࡟࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢᇶᆅᒁࢆ㓄⨨ࡋࡓⅬࡢ࿘
ᅖ࡟᪂ࡓ࡟ᇶᆅᒁࢆ㓄⨨ࡋࡓ࡜ࡋ࡚ࡶ㸪ࣀ࣮ࢻ࡜ࡑࡢᇶᆅᒁ࡜ࡢ᥋ゐ☜⋡ࡢቑຍࡀぢ㎸ࡵ
࡞࠸.ࡑࡇ࡛(ᩘᘧ 6-10)࡛ࡣ㸪㡿ᇦ B1 Ґ͐ҐBl-1ࢆ᥋ゐ☜⋡ࡢィ⟬࠿ࡽ㝖እࡋ࡚࠸ࡿ. 
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B) ᆒ➼໬ἲ 
ᆒ➼໬ἲࡣ㸪௚ࡢࣀ࣮ࢻ࡜ࡢ᥋ゐ☜⋡ࡀᑠࡉ࠸ࣀ࣮ࢻࢆMಶ㑅ᢥࡋ㸪ࡑࢀࡽࡢࣀ࣮ࢻࡢ
㔜ᚰ࡟࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢᇶᆅᒁࢆ㓄⨨ࡍࡿ࡜࠸࠺࢔ࣝࢦࣜࢬ࣒࡛࠶ࡿ.ࣀ࣮ࢻྠኈࡢ᥋
ゐ☜⋡ࡀᑠࡉ࠸⟠ᡤ࡟㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࢆタ⨨ࡍࡿࡇ࡜࡟ࡼࡗ࡚㸪ࣀ࣮ࢻྠኈࡢ᥋ゐ
☜⋡ࢆ࡛ࡁࡿࡔࡅᆒ➼໬ࡍࡿ (≉ᐃࡢࣀ࣮ࢻ㛫ࡔࡅ࡛࣓ࢵࢭ࣮ࢪ୰⥅ࢆ⾜ࢃ࡞࠸ࡼ࠺࡟ࡍ
ࡿ) ࡇ࡜ࢆ┠ᣦࡋ࡚࠸ࡿ. 
  ලయⓗ࡟ࡣ㸪l␒┠ࡢ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᇶᆅᒁࡢᗙᶆ zlࢆ(ᩘᘧ 6-11)ࡼ࠺࡟ᐃࡵࡿ. 
 
(ᩘᘧ 6-11) 
 
  ࡓࡔࡋ㸪ciࡣࣀ࣮ࢻ i࡜௚ࣀ࣮ࢻ࡜ࡢ᥋ゐ☜⋡ࢆ㔜ࡳ࡜ࡍࡿ㔜ᚰࡣ(ᩘᘧ 6-12)࡛࠶ࡿ. 
 
(ᩘᘧ 6-12) 
 
ࡉࡽ࡟㸪ࣀ࣮ࢻ iࡣ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᇶᆅᒁࡀ㓄⨨ࡉࢀ࡚࠸࡞࠸ࣀ࣮ࢻࡢ୰ (ci ӆz1㸪 
…㸪 zl-1) ࡛㸪௚ࡢࣀ࣮ࢻ࡜ࡢ᥋ゐ☜⋡ࡀ᭱ᑠࡢࡶࡢ࡛࠶ࡿ((ᩘᘧ 6-13). 
 
(ᩘᘧ 6-13) 
 
 
C) ᖹ㠃ศ๭ἲ 
ᖹ㠃ศ๭ἲࡣ㸪ࣇ࢕࣮ࣝࢻ Sࡢ➼ศ๭ࢆ⧞ࡾ㏉ࡍࡇ࡜࡟ࡼࡗ࡚ᚓࡽࢀࡿ Mಶࡢ㒊ศࣇ࢕
࣮ࣝࢻ S1㸬㸬㸬SM࡟࠾࠸࡚㸪ࡑࢀࡽࡢ㔜ᚰ࡟࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢᇶᆅᒁࢆ㓄⨨ࡍࡿ࡜࠸࠺
࢔ࣝࢦࣜࢬ࣒࡛࠶ࡿ.༢⣧࡟㸪ࣇ࢕࣮ࣝࢻࡢ㠃✚ࢆ➼ศࡍࡿࡢ࡛ࡣ࡞ࡃ㸪ศ๭ࡉࢀࡓࡑࢀࡒ
ࢀࡢ㒊ศࣇ࢕࣮ࣝࢻ࡟࠾ࡅࡿࣀ࣮ࢻࡢᏑᅾ☜⋡ࡢ࿴ࡀᆒ➼࡜࡞ࡿࡼ࠺࡟ศ๭ࡍࡿ.ࡲࡓ㸪㒊
ศࣇ࢕࣮ࣝࢻࡢ㔜ᚰࡣ㸪㒊ศࣇ࢕࣮ࣝࢻୖࡢྛⅬ࡟࠾ࡅࡿࣀ࣮ࢻࡢᏑᅾ☜⋡ࡢ࿴࡛㔜ࡳ௜
ࡅࡋࡓ㔜ᚰࢆ⏝࠸ࡿ. 
  ࡲࡎ㸪ࣇ࢕࣮ࣝࢻ Sࢆ(ᩘᘧ 6-14)ࡢ᮲௳ࢆ‶ࡓࡍ㒊ศࣇ࢕࣮ࣝࢻ SL㸪SR࡟ศ๭ࡍࡿ. 
 
(ᩘᘧ 6-14) 
 
  ࡇࡢ᫬㸪ࣇ࢕࣮ࣝࢻࡢ᩿㠃 Cࡀ᭱ᑠ࡜࡞ࡿࡼ࠺࡞ศ๭ࢆ㑅ᢥࡍࡿ.ࡘࡲࡾ(ᩘᘧ 6-15)࡜࡞
ࡿࡼ࠺࡟ࣇ࢕࣮ࣝࢻࢆศ๭ࡍࡿ 
 
(ᩘᘧ 6-15) 
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㒊ศࣇ࢕࣮ࣝࢻ SLࡲࡓࡣ SR࡟ᑐࡋ࡚㸪ୖグࡢᡭ㡰ࢆ⧞ࡾ㏉ࡍࡇ࡜࡟ࡼࡾMಶࡢ㒊ศࣇ
࢕࣮ࣝࢻ S1㸬㸬㸬SMࢆᚓࡿ.l␒┠ࡢ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᇶᆅᒁࡢᗙᶆᶆ zlࡣ㒊ศࣇ࢕࣮ࣝࢻ
SlୖࡢྛⅬ࡟࠾ࡅࡿࣀ࣮ࢻࡢᏑᅾ☜⋡ࡢ࿴࡛㔜ࡳ௜ࡅࡋࡓ㔜ᚰ࡟㓄⨨ࡍࡿ. 
 
(ᩘᘧ 6-16) 
 
D) ࣛࣥࢲ࣒ἲ 
ࣛࣥࢲ࣒ἲࡣ㸪M ྎࡢ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᇶᆅᒁࢆ㸪ࣇ࢕࣮ࣝࢻୖࡢࣛࣥࢲ࣒࡞ሙᡤ࡟
㓄⨨ࡍࡿ࡜࠸࠺༢⣧࡞࢔ࣝࢦࣜࢬ࣒࡛࠶ࡿ.ྛ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᇶᆅᒁࡢᗙᶆࡣ㸪஧ḟඖ
୍ᵝศᕸ࡟ࡼࡗ࡚ࣛࣥࢲ࣒࡟㑅ᢥࡍࡿ. 
 
6.4.2 㓄㏦㐜ᘏホ౯ 
௨ୗ࡛ࡣ㸪࠸ࡃࡘ࠿ࡢᩘ್౛࡟ࡼࡗ࡚㸪4 ✀㢮ࡢ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᇶᆅᒁ㓄⨨࢔ࣝࢦ
ࣜࢬ࣒ࡢ≉ᛶࢆẚ㍑ࡍࡿ. 
ࡲࡎ㸪6.3⠇࡟࠾ࡅࡿᩘ್౛࡜ྠ୍ࡢ᮲௳ୗ࡟࠾࠸࡚㸪4 ✀㢮ࡢ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᇶᆅ
ᒁ㓄⨨࢔ࣝࢦࣜࢬ࣒࡟ࡼࡗ࡚ 0㹼4 ྎࡢᇶᆅᒁࢆ㓄⨨ࡋࡓ᫬ࡢ㸪࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟
ࣕࢫࢺࡢ 50% 㓄㏦㐜ᘏࢆᅗ 6-13 ࡟♧ࡍ.࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢᇶᆅᒁᩘࡀ 0 ࡲࡓࡣ 1 
ࡢ᫬ࡣ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡀᏑᅾࡋ࡞࠸≧ἣ࡟┦ᙜࡍࡿ. 
5 ྎࡢࣀ࣮ࢻࢆࣇ࢕࣮ࣝࢻୖ࡟つ๎ⓗ࡟㓄⨨ (ᅗ 6-9) ࡋ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᇶᆅᒁࡢ
ᩘMࢆኚ໬ࡉࡏࡓ᫬ࡢ⤖ᯝ࡛࠶ࡿ.ྛ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᇶᆅᒁࡢᗙᶆ zl (1ӌlӌM)ࡣ㸪๓
㏙ࡢ 4 ✀㢮ࡢ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᇶᆅᒁ㓄⨨࢔ࣝࢦࣜࢬ࣒࡟ࡼࡗ࡚Ỵᐃࡋ࡚࠸ࡿ.࡞࠾㸪
50 % 㓄㏦㐜ᘏ࡜ࡣ㸪ࣀ࣮ࢻࡢᖹᆒ࣓ࢵࢭ࣮ࢪಖ᭷⋡ࡀึࡵ࡚ 0.5 ௨ୖ࡜࡞ࡿࢫࣟࢵࢺᩘ
ࢆព࿡ࡍࡿ.ᅗ୰ࡢࠕrandom 㸪ࠖࠕgreedy 㸪ࠖࠕsplit 㸪ࠖࠕequalizeࠖࡣࡑࢀࡒࢀࣛࣥࢲ࣒ἲ㸪㈎
ḧἲ㸪ᖹ㠃ศ๭ἲ㸪ᆒ➼໬ἲ࡟ࡑࢀࡒࢀᑐᛂࡋ࡚࠸ࡿ. 
ᅗ 6-9 ࡼࡾ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࢆᑟධࡍࡿࡇ࡜࡟ࡼࡗ࡚ 50% 㓄㏦㐜ᘏࡀ኱ᖜ࡟ῶᑡ
ࡍࡿࡇ࡜㸪ࡲࡓ㸪㈎ḧἲ㸪ᖹ㠃ศ๭ἲ㸪ᆒ➼໬ἲࡢ 3 ✀㢮ࡢ࢔ࣝࢦࣜࢬ࣒ࡀ࠾࠾ࡼࡑྠ⛬
ᗘࡢ 50% 㓄㏦㐜ᘏࢆᐇ⌧ࡋ࡚࠸ࡿࡇ࡜ࡀࢃ࠿ࡿ.ࡇࢀࡣ㸪ᅗ 6-9 ࡢࡼ࠺࡟ࣀ࣮ࢻࡀつ๎ⓗ
࡟㓄⨨ࡉࢀࡓሙྜ࡟ࡣ㸪㈎ḧἲ㸪ᖹ㠃ศ๭ἲ㸪ᆒ➼໬ἲࡀ࡯ࡰྠࡌࡼ࠺࡞⟠ᡤ࡟࢝ࢵࢺࢫ
࣮ࣝࣜࣥࢡࡢᇶᆅᒁࢆ㓄⨨ࡍࡿࡓࡵ࡜⪃࠼ࡽࢀࡿ. 
ࡑࡇ࡛㸪ࣇ࢕࣮ࣝࢻୖࡢࣀ࣮ࢻᩘࢆ 5 ࡜ᅛᐃࡋࡓࡲࡲ࡛㸪ࣀ࣮ࢻࡢ఩⨨ศᕸࡢᖹᆒࢆࣛ
ࣥࢲ࣒࡟㓄⨨ࡋࡓ᫬ࡢ⤖ᯝࢆᅗ 6-15࡟♧ࡍ.ࡇࡇ࡛ࡣ㸪6.3⠇ࡢᩘ್౛࡜ࡣ␗࡞ࡾ㸪ࡍ࡭࡚
ࡢࣀ࣮ࢻࡢᶆ‽೫ᕪࢆ➼ࡋࡃ 50 [m] ࡜タᐃࡋ࡚࠸ࡿ.ࣛࣥࢲ࣒࡟㓄⨨ࡋࡓࣀ࣮ࢻࡢ఩⨨ศ
ᕸࢆᅗ 6-14࡟♧ࡍ. 
ᅗ 6-15ࡼࡾ㸪ࣀ࣮ࢻࡀ୙つ๎࡟㓄⨨ࡉࢀࡓሙྜ࡟ࡣ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᇶᆅᒁ㓄⨨࢔
ࣝࢦࣜࢬ࣒࡟ࡼࡗ࡚ 50% 㓄㏦㐜ᘏࡀ኱ࡁࡃ␗࡞ࡿࡇ࡜ࡀࢃ࠿ࡿ.ࡲࡎ㸪ᙜ↛࡞ࡀࡽࣛࣥࢲ
࣒ἲࡣࡶࡗ࡜ࡶᝏ࠸≉ᛶࢆ♧ࡋ࡚࠸ࡿ.㈎ḧἲ (greedy) ࡣ㸪ࣀ࣮ࢻࡀつ๎ⓗ࡟㓄⨨ࡉࢀ࡚
 108 
 
࠸ࡿሙྜ(ᅗ 6-13) ࡟ࡣ᭷ຠ࡞ᡭἲ࡛࠶ࡗࡓࡀ㸪ࣀ࣮ࢻࡀ୙つ๎࡟㓄⨨ࡉࢀࡓሙྜ࡟ࡣ㸪ࣛ
ࣥࢲ࣒ἲ࡜ࡑࢀ࡯࡝኱ࡁ࡞ᕪࡣ࡞࠸.୍᪉㸪ᆒ➼໬ἲ (equalize) ࠾ࡼࡧᖹ㠃ศ๭ἲ (split) 
ࡣ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢᑟධ࡟ࡼࡗ࡚ 50 % 㓄㏦㐜ᘏࢆ኱ᖜ࡟๐ῶ࡛ࡁ࡚࠸ࡿ. 
᭱ᚋ࡟㸪ࣀ࣮ࢻᩘࡸࣀ࣮ࢻࡢ఩⨨ศᕸࡢ㐪࠸࡟ࡼࡿᙳ㡪ࢆㄪᰝࡍࡿࡓࡵ㸪10 ྎࡢࣀ࣮ࢻ
ࢆࣇ࢕࣮ࣝࢻୖ࡟ࣛࣥࢲ࣒࡟㓄⨨ࡋࡓ (ᅗ 6-16) ᫬ࡢ 50 % 㓄㏦㐜ᘏࢆᅗ 6-17࡟♧ࡍ.ᅗ 
6-15 ࡜ྠᵝ࡟㸪ࣀ࣮ࢻࡢ఩⨨ศᕸࡢᖹᆒࢆࣛࣥࢲ࣒࡟㓄⨨ࡋ㸪ࡍ࡭࡚ࡢࣀ࣮ࢻࡢᶆ‽೫ᕪ
ࢆ➼ࡋࡃ 50 [m] ࡜タᐃࡋ࡚࠸ࡿ. 
ᅗ 6-17ࡼࡾ㸪ࣀ࣮ࢻᩘࡸࣀ࣮ࢻࡢ఩⨨ศᕸࡢ㐪࠸࡟ࡼࡽࡎ㸪4 ✀㢮ࡢ࢝ࢵࢺࢫ࣮ࣝࣜࣥ
ࢡᇶᆅᒁ㓄⨨࢔ࣝࢦࣜࢬ࣒ࡣᅗ 6-15࡜㢮ఝࡋࡓഴྥࢆ♧ࡋ࡚࠸ࡿࡇ࡜ࡀࢃ࠿ࡿ.࡞࠾㸪5 ࣀ
࣮ࢻࡢሙྜ (ᅗ 6-14) ࡜ẚ㍑ࡋ࡚㸪10 ࣀ࣮ࢻࡢሙྜ (ᅗ 6-16) ࡣࣀ࣮ࢻࡢᐦᗘࡀ㧗࠸ࡓࡵ㸪
࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺ࡟ࡼࡿ࣓ࢵࢭ࣮ࢪ㓄㏦ࡀ㎿㏿࡟⾜ࢃࢀ࡚࠾ࡾ㸪࢝ࢵࢺࢫࣝ
࣮ࣜࣥࢡᑟධࡢຠᯝࡣ┦ᑐⓗ࡟ᑠࡉࡃ࡞ࡗ࡚࠸ࡿ. 
 
 
ᅗ 6-13 ᇶᆅᒁᩘ࡜ 50%㓄㏦㐜ᘏ࡜ࡢ㛵ಀ (つ๎ⓗ࡟㓄⨨ࡉࢀࡓ 5 ࣀ࣮ࢻ) 
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ᅗ 6-14 ࣀ࣮ࢻࡢ఩⨨ศᕸ (ࣛࣥࢲ࣒࡟㓄⨨ࡉࢀࡓ 5 ࣀ࣮ࢻ) 
 
 
ᅗ 6-15 ᇶᆅᒁᩘ࡜ 50%㓄㏦㐜ᘏ࡜ࡢ㛵ಀ (ࣛࣥࢲ࣒࡟㓄⨨ࡉࢀࡓ 5 ࣀ࣮ࢻ) 
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ᅗ 6-16 ࣀ࣮ࢻࡢ఩⨨ศᕸ (ࣛࣥࢲ࣒࡟㓄⨨ࡉࢀࡓ 10 ࣀ࣮ࢻ) 
 
 
ᅗ 6-17 ᇶᆅᒁᩘ࡜ 50%㓄㏦㐜ᘏ࡜ࡢ㛵ಀ (ࣛࣥࢲ࣒࡟㓄⨨ࡉࢀࡓ 10 ࣀ࣮ࢻ) 
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6.5 ࠾ࢃࡾ࡟ 
ᮏ❶࡛ࡣ㸪ᩘᏛⓗゎᯒ࡟ࡼࡾ࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺ࡟࠾ࡅࡿ࢝ࢵࢺࢫ࣮ࣝࣜࣥ
ࢡᑟධࡢຠᯝ (≉࡟㸪࣓ࢵࢭ࣮ࢪ㓄㏦ࡢ㎿㏿ᛶ࡟୚࠼ࡿຠᯝ) ࢆゎᯒⓗ࡟᫂ࡽ࠿࡟ࡋࡓ.ࣀ࣮
ࢻࡢ఩⨨ศᕸࡀᆒ୍࡞ሙྜ࠾ࡼࡧ୙ᆒ୍࡞ሙྜࢆᑐ㇟࡜ࡋ㸪ࣇ࢕࣮ࣝࢻୖ࡟」ᩘࡢ࢝ࢵࢺ
ࢫ࣮ࣝࣜࣥࢡࡀᏑᅾࡍࡿ᫬ࡢ㸪ࣀ࣮ࢻྠኈࡢぢ࠿ࡅࡢ᥋ゐ☜⋡ࢆᑟฟࡋࡓ.ࡇࢀ࡟ࡼࡾ㸪࢝
ࢵࢺࢫ࣮ࣝࣜࣥࢡᩘ࠾ࡼࡧᇶᆅᒁࡢ㓄⨨ࡀ㸪࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺࡢ㎿㏿ᛶ࡟୚
࠼ࡿᙳ㡪ࢆ᫂ࡽ࠿࡟ࡋࡓ.ࡑࡢ⤖ᯝ㸪ᩘᮏࡢ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࢆᑟධࡋ㸪࢝ࢵࢺࢫ࣮ࣝࣜ
ࣥࢡࡢᇶᆅᒁࢆࣀ࣮ࢻࡢ఩⨨ศᕸ࡟ᛂࡌ࡚㐺ษ࡟㓄⨨ࡍࡿࡇ࡜࡟ࡼࡾ㸪࢚ࣆࢹ࣑ࢵࢡࣈࣟ
࣮ࢻ࢟ࣕࢫࢺࡢᛶ⬟ࡀ኱ᖜ࡟ྥୖࡍࡿࡇ࡜ࢆ♧ࡋࡓ. 
ࡉࡽ࡟㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢᇶᆅᒁ㓄⨨ࡀ㸪࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺࡢᛶ⬟࡟
୚࠼ࡿᙳ㡪ࢆㄪᰝࡋࡓ.࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࢆ⪃៖ࡋࡓ࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺࡢゎ
ᯒࢆ฼⏝ࡍࡿࡇ࡜࡟ࡼࡾ㸪ࣀ࣮ࢻࡢ఩⨨ศᕸࡀ஧ḟඖṇつศᕸ࡟ᚑ࠺ሙྜ࡟㸪࢝ࢵࢺࢫࣝ
࣮ࣜࣥࢡࡢᇶᆅᒁ㓄⨨ࡀ࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺࡢ㎿㏿ᛶ࡟୚࠼ࡿᙳ㡪ࢆศᯒࡋࡓ.
ࡲࡓ㸪4 ✀㢮ࡢᇶᆅᒁ㓄⨨࢔ࣝࢦࣜࢬ࣒ (㈎ḧἲ㸪ᆒ➼ἲ㸪ᖹ㠃ศ๭ἲ㸪ࣛࣥࢲ࣒ἲ) ࢆᑐ
㇟࡜ࡋ㸪ࡑࢀࡒࢀࡢ≉ᛶࢆศᯒࡋࡓ.ࡑࡢ⤖ᯝ㸪ࣀ࣮ࢻࡢ఩⨨ศᕸ࡟ࡼࡗ࡚㐺ษ࡞࢝ࢵࢺࢫ
࣮ࣝࣜࣥࢡᇶᆅᒁࡢ㓄⨨ࡀኚ໬ࡍࡿࡇ࡜㸪4 ✀㢮ࡢ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᇶᆅᒁ㓄⨨࢔ࣝࢦ
ࣜࢬ࣒ࡢ୰࡛ࡣᆒ➼໬ἲࡀ᭱ࡶⰋዲ࡞≉ᛶࢆ♧ࡍࡇ࡜ࡀࢃ࠿ࡗࡓ. 
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7. ⤖ㄽ 
ᮏㄽᩥ࡛ࡣ ,3ࢿࢵࢺ࣮࣡ࢡ࡛୺࡟฼⏝ࡉࢀ࡚࠸ࡿ 7UDQVPLVVLRQ&RQWURO3URWRFRO7&3
࡟㛵ࡋ㸪≉࡟ (QGWR(QG ࡢ 4XDOLW\RI6HUYLFH4R6࠾ࡼࡧ 4XDOLW\RI([SHULHQFH4R(
ࡢィ ࣭ไᚚᢏ⾡࡟㛵ࡋ࡚ᥦ᱌ࡋࡓ㸬ᮏ◊✲ࡢᴫせࡣ௨ୗࡢ㏻ࡾ࡛࠶ࡿ㸬
 ❶࡛ࡣ㸪ࢧࣥࣉࣜࣥࢢࡉࢀࡓࣃࢣࢵࢺ⩌࠿ࡽ 7&3 ࡢ $&. ࣃࢣࢵࢺࢆほ ࡍࡿࡇ࡜࡛ィ 
ࡋࡓ 7&3 ࢭࢵࢩࣙࣥࡢ (QGWR(QG ࣃࢣࢵࢺࣟࢫ⋡ࢆ᥎ᐃࡍࡿ᪉ἲࢆᥦ᱌ࡋࡓ㸬ࢧࣥࣉࣜࣥ
ࢢࣃࢣࢵࢺ⩌ࢆほ ࡍࡿሙྜ㸪ࣃࢣࢵࢺᢤࡅࡢཎᅉࡀࢧࣥࣉࣜࣥࢢ࡟ࡼࡿࡶࡢ࠿ࣃࢣࢵࢺ
ࣟࢫ࡟ࡼࡿࡶࡢ࠿ุᐃࡀ࡛ࡁ࡞࠸㸬ࡇࡢ≧ែ࡛ほ ࣃࢣࢵࢺ⩌࠿ࡽࣃࢣࢵࢺࣟࢫࡢࡳࢆᢳ
ฟࡍࡿၥ㢟࡜࡞ࡿ㸬ᮏ◊✲࡛ࡣ 7&3 ࡛ࣃࢣࢵࢺࣟࢫࡀⓎ⏕ࡍࡿ࡜㸪ྠ୍ $&. ␒ྕࡀ㐃⥆ࡍ
ࡿ⌧㇟㔜」 $&.࡟╔┠ࡋ㸪ࢧࣥࣉࣜࣥࢢ⎔ቃୗ࡛㔜」 $&. ࡀほ ࡛ࡁࡿ๭ྜࢆ᫂ࡽ࠿࡟ࡋ
ࡓ㸬ࢧࣥࣉࣜࣥࢢࣃࢣࢵࢺ⩌࠿ࡽほ ࡛ࡁࡓ㔜」 $&. ᩘ࡜ࡑࡢほ ๭ྜࢆ⏝࠸ࡿࡇ࡜࡛㸪
ࢧࣥࣉࣜࣥࢢ⎔ቃୗ࡛ࡢ (QGWR(QG ࣃࢣࢵࢺࣟࢫᩘࢆ᥎ᐃྍ⬟࡟ࡋࡓ㸬
 ❶࡛ࡣ㸪❶ྠᵝ࡟ࢧࣥࣉࣜࣥࢢࡉࢀࡓࣃࢣࢵࢺ⩌࠿ࡽ 7&3 ࢭࢵࢩࣙࣥࡢ (QGWR(QG
ࣃࢣࢵࢺࣟࢫ⋡ࢆ᥎ᐃࡍࡿ᪉ἲࢆᥦ᱌ࡋࡓ㸬❶ࡢࡼ࠺࡟ 7&3 ࡢ $&. ࣃࢣࢵࢺࡢほ ⤖ᯝ࡛
ࡣ࡞ࡃ㸪'$7$ ࣃࢣࢵࢺࡢほ ⤖ᯝ࠿ࡽࣃࢣࢵࢺࣟࢫ⋡ࢆ᥎ᐃࡍࡿࡇ࡜ࡀ␗࡞ࡿ㸬'$7$ ࣃࢣ
ࢵࢺࡢほ ࡛ࡶ㸪ࢧࣥࣉࣜࣥࢢࣃࢣࢵࢺ⩌ࡢほ ࡛ࡣࣃࢣࢵࢺᢤࡅࡢཎᅉࡀࢧࣥࣉࣜࣥࢢ
࡟ࡼࡿࡶࡢ࡞ࡢ࠿ࣃࢣࢵࢺࣟࢫ࡟ࡼࡿࡶࡢ࠿ุᐃ࡛ࡁ࡞࠸㸬ᮏ◊✲࡛ࡣ 7&3 ࡛ࣃࢣࢵࢺࣟ
ࢫࡀⓎ⏕ࡍࡿ࡜ࣃࢣࢵࢺࡢ෌㏦ࡀⓎ⏕ࡋ㸪ࢩ࣮ࢣࣥࢫ␒ྕࡀ୍᫬ⓗ࡟ᑠࡉࡃ࡞ࡿ⌧㇟ࢩ࣮
ࢣࣥࢫ␒ྕࡢ㏫㌿⌧㇟࡟╔┠ࡋ㸪ࢧࣥࣉࣜࣥࢢ⎔ቃୗ࡛ࢩ࣮ࢣࣥࢫ␒ྕࡢ㏫㌿⌧㇟ࡀほ 
࡛ࡁࡿ๭ྜࢆ᫂ࡽ࠿࡟ࡋࡓ㸬ࢧࣥࣉࣜࣥࢢࣃࢣࢵࢺ⩌࠿ࡽほ ࡛ࡁࡓࢩ࣮ࢣࣥࢫ␒ྕࡢ㏫
㌿⌧㇟ᩘ࡜ࡑࡢほ ๭ྜࢆ⏝࠸ࡿࡇ࡜࡛㸪ࢧࣥࣉࣜࣥࢢ⎔ቃୗ࡛ࡢ (QGWR(QG ࣃࢣࢵࢺࣟ
ࢫᩘࢆ᥎ᐃྍ⬟࡟ࡋࡓ㸬❶࡜ ❶ࡢ◊✲⤖ᯝࢆྜࢃࡏࡿࡇ࡜࡛㸪∦᪉ྥࡢほ ࣟࢢ࠿ࡽ཮
᪉ྥࡢ7&3ࢭࢵࢩࣙࣥࡢ(QGWR(QGࣃࢣࢵࢺࣟࢫࢆ᥎ ྍ⬟࡜࡞ࡿ㸬ࡇࡢ⤖ᯝ཮᪉ྥࡢ7&3
ရ㉁ࢆィ ࡍࡿࡢ࡟ᚲせ࡜࡞ࡿほ ࣟࢢࡀ༙ศ࡜࡞ࡿ㸬
 ❶࡛ࡣ㸪7&3 ࢭࢵࢩࣙࣥࡢ (QGWR(QG ࣃࢣࢵࢺࣟࢫࢆ᥎ᐃࡍࡿࡓࡵࡢ࣏࢖ࣥࢺ࡜࡞ࡿ
㔜」 $&. ⌧㇟ࡢ㍍㔞࡞ィ ᡭἲࢆᥦ᱌ࡋࡓ㸬ࢧࣥࣉࣜࣥࢢࣃࢣࢵࢺ࡜࠸࠼࡝ࢿࢵࢺ࣮࣡ࢡ
ࡢつᶍࡀ኱ࡁࡃ㸪㏻ಙ㏿ᗘࡀ㧗㏿࡟࡞ࡿ࡟ࡘࢀ㸪ほ ᆅⅬࡢࣟࢢࢆ㛗ᮇ࡟グ㘓ࡋ㸪ࡑࡢ୰
࠿ࡽ㔜」$&.⌧㇟ࢆᢳฟࡍࡿ⾜Ⅽࡢฎ⌮ࢥࢫࢺࡀ኱ࡁࡃ࡞ࡿ㸬❶࡟ࡼࡗ࡚7&3ࡢ(QGWR(QG
ࣃࢣࢵࢺࣟࢫ⋡ࢆ᥎ᐃࡍࡿࡓࡵ࡟ࡣ㔜」 $&. ⌧㇟ᩘࡀ㔜せ࡞せ⣲࡜࡞ࡿࡇ࡜ࡀุ᫂ࡋࡓࡓ
ࡵ㸪ィ ᆅⅬ࡛㔜」 $&. ⌧㇟ࡢࡳࢆィ ࡍࡿ㸬ࡇࡢィ ࡟ࡣ 6&%) ࢆ⏝࠸ࡿࡇ࡜࡛㸪㔜」 $&.
ࡢⓎ⏕᭷↓ࡢࡳࢆุᐃࡍࡿ㸬ィ ᑐ㇟ࢆ㔜」 $&. ࡟⤠ࡗࡓࡇ࡜㸪㔜」 $&. ࡢィ ࢆ 6&%) ࡛
㍍㔞໬ࡋࡓࡇ࡜࡛㸪7&3 ࢭࢵࢩࣙࣥࡢ (QGWR(QG ࣃࢣࢵࢺࣟࢫ⋡᥎ᐃࡢฎ⌮㈇Ⲵࡢ㍍ῶ໬
ࢆᐇ⌧ࡋࡓ㸬
❶࡛ࡣ㸪㌴㍕(WKHUQHW⎔ቃࢆ᝿ᐃࡋࡓ7&3ࡢ 4R(㐜ᘏ᫬㛫ࢆ▷⦰ࡍࡿ᪉ἲࢆᥦ᱌ࡋࡓ㸬
㌴㍕ (WKHUQHW ࡛ࡣྠ୍ࢭࢵࢩ࡛ࣙࣥ ࣃࢣࢵࢺࡢ࣓ࢵࢭ࣮ࢪࡀᐃᮇⓗ࡟㏦ಙࡉࢀࡿ࣮ࣘࢫ
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ࢣ࣮ࢫࡀ᝿ᐃࡉࢀࡿ㸬ࡇࡢ࣮ࣘࢫࢣ࣮ࢫ࡟࠾࠸࡚ࣃࢣࢵࢺࣟࢫࡀⓎ⏕ࡍࡿ࡜ᚲࡎࢱ࢖࣒࢔
࢘ࢺ࡟ࡼࡿ෌㏦࡜࡞ࡾ 4R( 㐜ᘏ᫬㛫ࡣᩘⓒ࣑ࣜ௨ୖ࡜࡞ࡿ㸬ᮏ◊✲࡛ࡣ࣓ࢵࢭ࣮ࢪࡢ┤ᚋ
࡟ᐇែࡢ↓࠸ ࣂ࢖ࢺࡢࣃࢣࢵࢺࢦ࣮ࢫࢺࣃࢣࢵࢺࢆ ಶ㏣ຍࡍࡿࡇ࡜࡛࣓ࢵࢭ࣮ࢪࣃ
ࢣࢵࢺࡀࣟࢫࡋࡓሙྜ࡟㔜」 $&. ࡟ࡼࡿ㧗㏿෌㏦ࢆ⾜࠺ࡇ࡜࡛ 4R( 㐜ᘏ᫬㛫ࢆᩘ࣑ࣜ⛊࡟
ᢚ࠼ࡿࡇ࡜ࡀྍ⬟࡜࡞ࡿ㸬ᥦ᱌᪉ᘧ࡟ࡼࡾ࣓ࢵࢭ࣮ࢪࣃࢣࢵࢺࡢ 4R( 㐜ᘏ᫬㛫ࡢ኱ᖜ▷⦰
ࢆᐇ⌧ࡋࡓ㸬ࡇࢀ࡟ࡼࡾ㌴㍕ (WKHUQHW ࡟㐺⏝࡛ࡁࡿ࢔ࣉࣜࢣ࣮ࢩࣙࣥ✀ูࡢቑຍ࡟㈉⊩ࡋ
ࡓ㸬
 ❶࡛ࡣ'71 ࡛᭱ࡶ฼⏝ࡉࢀࡿ࣮ࣝࢸ࢕ࣥࢢᡭἲࡢ୍ࡘ࡛࠶ࡿ࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟
ࣕࢫࢺ᪉ᘧࢆ᝿ᐃࡋ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡀᏑᅾࡍࡿሙྜࡢᛶ⬟࡟ࡘ࠸࡚ศᯒࡋࡓ㸬࢝ࢵ
ࢺࢫ࣮ࣝࣜࣥࢡࢆタࡅࡿࡇ࡜࡛࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺࡢᛶ⬟ࡀྥୖࡍࡿࡇ࡜ࠊࡲ
ࡓࠊ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢ㓄⨨࡟ࡼࡗ࡚ᛶ⬟ࡀኚ໬ࡋࠊㄪᰝࡋࡓ ࡘ✀㢮ࡢ᪉ἲࡢ୰࡛ࡣ
ᆒ➼໬ἲࡀ᭱ࡶᛶ⬟ࡀⰋ࠸ࡇ࡜ࡀุ᫂ࡋࡓࠋ
 ᮏㄽᩥ࡛ࡣ㸪࠸࠿࡟㏻ಙရ㉁ࢧ࣮ࣅࢫࢆィ ࣭ไᚚࡍࡿ࠿࡜࠸࠺ほⅬ࡛◊✲ࢆ⾜ࡗ࡚ࡁ
ࡓ㸬ࡇࢀࡽ㏻ಙရ㉁ࢧ࣮ࣅࢫࢆ⪃៖ࡋࡓィ ࣭ไᚚᢏ⾡ࡢ௒ᚋࡢᒎᮃ࡟ࡘ࠸࡚㆟ㄽࡍࡿ㸬
 ࡇࢀࡲ࡛ࡢࢿࢵࢺ࣮࣡ࢡᢏ⾡ࡣ࢟ࣕࣜ࢔ࢿࢵࢺ࣮࣡ࢡࡀ㐺⏝ᑐ㇟ࡢ୰ᚰ࡜࡞ࡗ࡚࠸ࡓ㸬
ࡇࡢࢿࢵࢺ࣮࣡ࢡ࡛ࡣᵝࠎ࡞࢔ࣉࣜࢣ࣮ࢩ࡛ࣙࣥ฼⏝ࡉࢀࡿࡓࡵ㸪ỗ⏝ᛶ࡞せồࢆ‶ࡓࡍ
ᢏ⾡㛤Ⓨࡀ⾜ࢃࢀ࡚ࡁࡓ㸬ᮏㄽᩥࡢ๓༙࡛ࡶ 7&3 ࡢရ㉁ィ ࡟ࡘ࠸࡚ྲྀࡾᢅࡗࡓࡀࠊࡇࢀ
ࡣୖ఩࢔ࣉࣜࢣ࣮ࢩࣙࣥ࡟≉໬ࡋ࡞࠸ỗ⏝ⓗ࡞ရ㉁ィ ᢏ⾡࡛࠶ࡿ㸬
୍᪉㸪㏆ᖺ࡛ࡣࢿࢵࢺ࣮࣡ࢡᢏ⾡ࡀᵝࠎ࡞ᛂ⏝ศ㔝࡛ά⏝ࡉࢀࡿᶵ఍ࡀከࡃ࡞ࡾ㸪ࡑࡢ
ᛂ⏝ศ㔝࡟≉໬ࡋࡓせồࢆ‶ࡓࡍᢏ⾡㛤Ⓨࡀ࡞ࡉࢀࡿᶵ఍ࡀቑ࠼࡚᮶ࡓ㸬ᮏㄽᩥࡢᚋ༙࡛
ࡣࡑࡢ࢔ࣉࣜࢣ࣮ࢩࣙࣥ౛࡜ࡋ࡚㸪㌴㍕ࢿࢵࢺ࣮࣡ࢡࡢせồ᮲௳ࢆ‶ࡓࡍ 7&3 ࡢᢏ⾡㛤Ⓨ
ࡸ㸪⅏ᐖ᫬ࢆ᝿ᐃࡋࡓࡼ࠺࡞ '71 ࡟ࡼࡿ᝟ሗ㓄ಙᢏ⾡࡟ࡘ࠸࡚◊✲ࢆ⾜ࡗࡓ㸬ࡇࡢࡼ࠺࡞
ᢏ⾡ࡢᗈࡀࡾࡣ௒ᚋࡶ⥅⥆ࡍࡿ࡜⪃࠼࡚࠸ࡿ㸬࢟ࣕࣜ࢔ࢿࢵࢺ࣮࣡ࢡࢆ୰ᚰ࡟ᇵࡗࡓᢏ⾡
ࢆᇶᮏ࡜ࡋ࡚ᵝࠎ࡞ᛂ⏝㡿ᇦ࡟㐺⏝ࡋ࡚࠸ࡃࡇ࡜࡛㸪♫఍ㄢ㢟ࡢゎỴ࡟㈉⊩ࡋ࡚࠸ࡁࡓ࠸㸬

 
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ㅰ㎡ 
ᮏㄽᩥࡢ◊✲ࢆ㐍ࡵࡿ࡟࠶ࡓࡾከ኱࡞ࡿࡈᨭ᥼㸪ࡈຓゝࢆ࠸ࡓࡔ࠸ࡓ᪉ࠎ࡬ࡢឤㅰࡢព
ࢆ⾲ࡋࡓ࠸㸬 
 ᮏㄽᩥసᡂ࡟࠶ࡓࡾ㸪㛵すᏛ㝔኱Ꮫ኱Ꮫ㝔 ⌮ᕤᏛ◊✲⛉ ᝟ሗ⛉Ꮫ⛉ᑓᨷࡢ኱ᓮ༤அᩍ
ᤵ࡟ࡣᛁࡋ࠸᫬㛫ࢆ๭࠸࡚㡬ࡁ㸪ㄽᩥෆᐜࡢࡈᣦᑟࡔࡅ࡛ࡣ࡞ࡃྛ✀ㄽᩥᑂᰝ࡟㛵ࡍࡿᡭ
⥆ࡁࢆ⤊ጞࡈᣦᑟ㸪ࡈ㠴᧡ࢆ㈷ࡗࡓ㸬 
 ᮏ◊✲࡬ࡢྲྀࡾ⤌ࡳࡣ㸪୺࡟ NEC ୰ኸ◊✲ᡤ࡟࠾࠸࡚ᶵ఍ࢆ୚࠼ࡽࢀࡓࡶࡢ࡛࠶ࡿ㸬
ࡑࡢ㛫㸪ඖୖྖ࡛࠶ࡿᮧ℩ຮᩍᤵ(⌧ ྡྂᒇ኱Ꮫ኱Ꮫ㝔)࡜ୗすⱥஅ༤ኈ࡟ࡣ㸪ᮏ◊✲ࡢ❧
ࡕୖࡆ㸪◊✲ࡢ᪉ྥᛶࡢᣦᑟ㸪஦ᴗ໬ᥦ᱌άື࡞࡝ᵝࠎ࡞㠃࡛ከ኱࡞ࡿ࢔ࢻࣂ࢖ࢫ࡞ࡽࡧ
࡟ࡈᨭ᥼ࢆ㡬࠸ࡓ㸬 
 ࡲࡓ㸪ᮏ◊✲ࡢ㐙⾜࡟࠶ࡓࡾ㸪NECࡢ⏣୰῟⿱Ặ㸪ᮾ໭኱Ꮫ኱Ꮫ㝔ࡢ᭮᰿⚽᫛ᩍᤵ㸪ᚋ
⸨ⱥ᫛෸ᩍᤵ࡟ࡣ㸪ᝰࡋࡳ࡞࠸ᚚ༠ຊࢆ㡬ࡁ㸪⇕ᚰ࡞ࡈᣦᑟ㸪᭷┈࡞ࡈຓゝࢆ㡬࠸ࡓ㸬 
 ࡲࡓ㸪ᮏ◊✲࡟㛵ಀࡍࡿ᪥㡭ࡢ◊✲ࢆࡍࡍࡵࡿ࡟࠶ࡓࡾ㸪ᵝࠎ࡞ࡈຓゝࢆ㡬࠸ࡓ NECࡢ
⸨⏣⠊ேẶ㸪㛗㇂ᕝὒᖹẶ㸪ᐑᮏၿ๎Ặ㸪ᮌୗᓧ୍Ặ㸪Ώ㎶ಇ㈗Ặ㸪ᑠ಴୍ᓠẶ㸪㛵すᏛ
㝔኱Ꮫ኱Ꮫ㝔ࡢ୰ᮧ㑈Ặ㸪ⴗཎᾴẶ㸪ᕝ➃ዉὠᏊᎹ㸪ᯇ஭኱ᶞẶ࡟ࡣ῝ࡃឤㅰࡍࡿ㸬 
 ᮏㄽᩥᇳ➹࡟࠶ࡓࡾ㸪ጔ ኟỤ࡟ࡣᖹ᪥ࡢ఍♫ᖐᏯᚋࡢ῝ኪࡸఇ᪥࡟࠾࠸࡚ᐙᗞ࡛ከࡃࡢ
᫬㛫ࢆㄽᩥᇳ➹࡟๭࠿ࡏ࡚ࡶࡽ࠸㸪㛗࠸㛫㓄៖ࢆࡋ࡚㡬࠸ࡓ㸬ࡲࡓ㸪ㄽᩥᇳ➹ࡢࡓࡵ࡟ᜥ
Ꮚࡢ⾜⣫㸪ፉࡢᰘ஀ࡢ⫱ඣࡀ⾜ࡁᒆ࠿࡞࠿ࡗࡓ᫬ᮇࡶከࠎ࠶ࡗࡓ࡟ࡶ㛵ࢃࡽࡎ㸪ᬮ࠿ࡃぢ
Ᏺࡗ࡚ࡃࢀࡓࡇ࡜࡟῝ࡃឤㅰࡍࡿ㸬 
 ᭱ᚋ࡟㸪ᮏㄽᩥࡣ௨ୖࡢ᪉ࠎࡢ༠ຊ࡞ࡋ࡟ࡣ᏶ᡂ࡛ࡁ࡞࠿ࡗࡓ࡜ឤࡌ࡚࠸ࡿ㸬ⓙᵝࡢከ
኱࡞ࡿࡈᨭ᥼ࡈຓゝ࡟ᑐࡋ࡚㸪ᨵࡵ࡚῝ࡃឤㅰࡋࡓ࠸㸬 
ᒣᓮ ᗣᗈ 
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ᴗ⦼ࣜࢫࢺ 
 
Ꮫ⾡ㄽᩥ(ᰝㄞ࠶ࡾ) 
1. ୗᮧ༟㸪ᒣᓮᗣᗈ㸪⸨஭㝯㞝㸪"ᙉṇᐇH2ࢥࣥࢺ࣮ࣟࣛࡢከẁ㝵タィἲ㸪"ࢩࢫࢸ࣒ไ
ᚚ᝟ሗᏛ఍ㄽᩥㄅ ➨ 19ᕳ㸪 ➨ 9ྕ 㸪pp㸬333-341㸪September㸪2006 
2. Yasuhiro Yamasaki㸪 Hideyuki Shimonishi and Tutomu Murase㸪 "Estimating TCP 
Packet Loss Ratio from Sampled ACK Packets㸪" IEICE TRANSACTIONS on 
Communications㸪 Vol㸬 E91-B㸪 No㸬 2㸪 pp㸬418-427㸪 Feb㸬 2008㸬 [㟁Ꮚ
᝟ሗ㏻ಙᏛ఍ ࢸࣞࢥ࣑ࣗࢽࢣ࣮ࢩ࣐ࣙࣥࢿࢪ࣓ࣥࢺ◊✲఍ ᥎⸀ㄽᩥ]  
3. ᒣᓮᗣᗈ㸪ୗすⱥஅ㸪ᮧ℩ຮ㸪"ࢩ࣮ࢣࣥࢫ␒ྕࡢ㏫㌿ᩘࡢほ ࡟ࡼࡿ TCPࣃࢣࢵࢺࣟ
ࢫ᥎ᐃᡭἲ㸪" IEICE TRANSACTIONS on Communications㸪 Vol㸬 J95-B㸪 No㸬 
12㸪 pp㸬1616-1625㸪 Dec㸬 2012㸬 [㟁Ꮚ᝟ሗ㏻ಙᏛ఍ ࢥ࣑ࣗࢽࢣ࣮ࢩࣙࣥࢡ࢜ࣜ
ࢸ࢕◊✲఍ ᥎⸀ㄽᩥ]  
4. ᒣᓮᗣᗈ㸪ୗすⱥஅ㸪ᮧ℩ຮ㸪"ࣈ࣮࣒ࣝࣇ࢕ࣝࢱࢆ⏝࠸ࡓ TCPࣃࢣࢵࢺࣟࢫ᥎ᐃᡭἲ
-ฎ⌮ࡢ᭱㐺㓄⨨࡟ࡼࡿ኱つᶍ࠿ࡘ㧗㏿࡞ィ ࢩࢫࢸ࣒ࡢᐇ⌧ - " IEICE 
TRANSACTIONS on Communications㸪 Vol㸬 J96-D㸪 No㸬 6㸪 pp㸬1470-1482㸪 
Jun㸬 2013 
 
ᅜ㝿఍㆟(ᰝㄞ࠶ࡾ) 
5. Takashi Shimomura㸪 Yasuhiro Yamasaki㸪 Takashi Fujii㸪 "LMI-based iterative 
synthesis of strictly positive real H2 controllers㸪" Proc㸬 American Contr㸬 Conf㸬㸪 
pp㸬 332-336㸪 WA12-6㸪 Chicago㸪 2000 
6. Yasuhiro Yamasaki㸪 Hideyuki Shimonishi and Tutomu Murase㸪 "Statistical 
Evaluation of TCP Packet Loss Rate Estimation㸪" 6th Asia-Pacific Symposium on 
Information and Telecommunication Technologies㸪 November㸪 2005 
7. Yasuhiro Yamasaki㸪 Hideyuki Shimonishi and Tutomu Murase㸪 "Statistical 
Estimation of TCP Packet Loss Rate from Sampled ACK Packets㸪" GLOBECOM 
Conference㸪 December㸪 2005  
8. Yasuhiro Yamasaki㸪 Hideyuki Shimonishi and Tutomu Murase㸪 "Diagnostic 
Method of Quality Degradation Segment from Sampled Packets㸪" SAINT2007 
Workshop㸪 January㸪 2007 
9. Yasuhiro Yamasaki㸪 Yoshinori Miyamoto㸪 Junichi Yamato㸪 Hideaki Goto㸪 
Hideaki Sone㸪 "Flexible Access Management System for Campus VLAN Based on 
OpenFlow㸪" SAINT2011 Workshop㸪 July㸪 2011 
10. Yoshinori Miyamoto㸪  Yasuhiro Yamasaki㸪  Hideaki Goto㸪  Hideaki Sone㸪 
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"Optimization System of IP Address Using Terminal ID in eduroam 㸪" SAINT2011 
Workshop㸪 July㸪 2011 
11. Toshiki Watanabe㸪 Shunichi Kinoshita㸪 Yasuhiro Yamasaki㸪 Hideaki Goto㸪 
Hideaki Sone㸪 "Flexible Access and Priority Control System Based on 802㸬1X 
Authentication in Time of Disaster㸪" COMPSAC Workshop㸪 July 㸪2013 
12. Shunichi Kinoshita㸪 Toshiki Watanabe㸪 Yasuhiro Yamasaki㸪 Hideaki Goto㸪 
Hideaki Sone㸪  "Fault-Tolerant Wireless LAN Roaming System Using Client 
Certificates㸪" COMPSAC Workshop㸪 July㸪2013 
13. Misako Seki㸪  Kazumine Ogura㸪  Yasuhiro Yamasaki㸪  Hiroyuki Ohsaki㸪 
"Performance Comparison of Geographic DTN Routing Algorithms㸪 "COMPSAC 
Student Research Symposium㸪 July㸪2015 
14. Hiroyuki Ohsaki㸪  Yasuhiro Yamasaki㸪” On the Impact of Cut-Through Links in 
Epidemic Broadcasting㸪" COMPSAC Workshop㸪 July㸪2016 
15. Daiki Matsui㸪 Yasuhiro Yamasaki㸪” Analysis of Message Delivery Delay in 
Geographic DTN Routing㸪” COMPSAC Doctoral Symposium㸪 July㸪2016 
16. Daiki Matsui㸪 Ryo Hagihara㸪 Yasuhiro Yamasaki㸪 Hiroyuki Ohsaki㸪 “Deriving 
the Average Message Delivery Delay in Geographic DTN Routing㸪” Workshop on 
Internet Architecture and Applications㸪 November 2016 
17. Natsuko Kawabata 㸪  Ryo Hagihara 㸪  Yasuhiro Yamasaki 㸪  Hiroyuki 
Ohsaki 㸪  ”Modeling Epidemic DTN Routing of Multiple Messages with 
Broadcasting ACKs㸪” Workshop on Internet Architecture and Applications㸪 
November 2016 
18. Ryo Hagihara㸪 Yasuhiro Yamasaki㸪 Hiroyuki Ohsaki㸪 “On Delivery Control for 
Floating Contents Sharing with Epidemic Broadcasting㸪” CCNC㸪 January㸪2017 
19. Daiki Matsui㸪 Ryo Hagihara㸪 Yasuhiro Yamasaki㸪 Hiroyuki Ohsaki㸪 “Analysis 
of Geographic DTN Routing under Random Walk Mobility Model"㸪 COMPSAC㸪 
July㸪2017 
20. Natsuko Kawabata㸪 Yasuhiro Yamasaki㸪 Hiroyuki Ohsaki㸪” On Message Delivery 
Delay of Epidemic DTN Routing with Broadcasting ACKs”㸪 COMPSAC Student 
Research Symposium㸪 July㸪 2017 
21. Sumika Nishikawa 㸪  Daiki Matsui 㸪  Yasuhiro Yamasaki 㸪  Hiroyuki 
Ohsaki㸪 ”Analysis of Message Delivery Delay in Large-Scale Geographic DTN 
Routing㸪” ICOIN㸪 January㸪 2018 
22. Ryuichiro Maegawa㸪 Ryo Nakamura㸪 Yasuhiro Yamasaki㸪 Hiroyuki Ohsaki㸪” 
A study on emulating automotive IP networks using network virtualization㸪" 
COMPSAC Student Research Symposium㸪 July㸪 2018 
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⥲ㄝ 
23. ᒣᓮᗣᗈ㸪㛗㇂ᕝὒᖹ㸪ᮧ℩ຮ㸪"኱つᶍࢿࢵࢺ࣮࣡ࢡィ ᢏ⾡-ࢧࣥࣉࣜࣥࢢィ 㸪ࢿ
ࢵࢺ࣮࣡ࢡෆど ᢏ⾡-㸪"㟁Ꮚ᝟ሗ㏻ಙᏛ఍ㄅᑠ≉㞟ࠕIP⥙ࢺࣛࣄࢵࢡィ  㸪ࠖVol㸬93㸪 
No㸬4㸪 pp304-309㸪 April㸪2010㸬 
24. ୰ᮧ⣧ஓ㸪ຍ㈡㇂Ṋ኱㸪ᒣᓮᗣᗈ㸪"ḟୡ௦ࢿࢵࢺ࣮࣡ࢡࢆᨭ࠼ࡿ IPࢿࢵࢺ࣮࣡ࢡရ㉁
⟶⌮ࢯ࣮ࣜࣗࢩࣙࣥ㸪"㟁Ꮚ᝟ሗ㏻ಙᏛ఍ ㏻ಙࢯࢧ࢚ࢸ࢕࣐࢞ࢪࣥ ᑠ≉㞟ࠕከᵝ໬ࡍ
ࡿ᝟ሗ㏻ಙ⎔ቃࢆᥦ౪ࡍࡿḟୡ௦ࢿࢵࢺ࣮࣡ࢡᢏ⾡ 㸪ࠖ2010ᖺኟྕ㸪No㸬13㸪 pp33-39㸪
June㸪2010㸬 
 
♫ෆㄅ 
25. Hideyuki Shimonishi㸪 Tutomu Murase㸪 Yohei Hasegawa and Yasuhiro Yamasaki㸪 
"Session Traceability Technologies㸪" NEC Journal of Advanced Technology (JAT)㸪 
Vol㸬1㸪 No㸬4㸪 pp357-361㸪 December㸪 2004 
26. ୗすⱥஅ㸪ᒣᓮᗣᗈ㸪ᮧ℩ຮ㸪᱒ⴥె᫂㸪"኱つᶍࢿࢵࢺ࣮࣡ࢡࡢᛶ⬟ຎ໬࣭㞀ᐖ⟠ᡤ
ࢆ≉ᐃࡍࡿࢿࢵࢺ࣮࣡ࢡࢺ࣮ࣞࢧࣅࣜࢸ࢕ᢏ⾡㸪" NEC ᢏἲ㸪 Vol㸬59㸪 No㸬3㸪 
pp23-26㸪 June㸪 2006 
27. Hideyuki Shimonishi㸪 Yasuhiro Yamasaki㸪 Tutomu Murase and Yoshiaki Kiriha㸪 
"Network Traceability Technologies for Identifying Performance Degradation and 
Fault Locations for Dependable Networks㸪" NEC TECHNICAL JOURNAL㸪 Vol㸬
1㸪 No㸬3㸪 July㸪 2006 
 
ཱྀ㢌Ⓨ⾲(ᰝㄞ࡞ࡋ) 
28. ୗᮧ༟㸪ᒣᓮᗣᗈ㸪⋢㉺㝯⾜㸪⸨஭㝯㞝㸪"‽㈇ᐃ஧ḟ㡯ࡢ㏲ḟ LMI໬࡟ࡼࡿከ┠ⓗไ
ᚚ⣔タィ㸪" ไᚚ⌮ㄽࢩ࣏ࣥࢪ࣒࢘㈨ᩱ Vol㸬29th PAGE 265-270㸪2000 
29. ᒣᓮᗣᗈ㸪ୗすⱥஅ㸪ᮧ℩ຮ㸪"㧗㏿ᅇ⥺ྥࡅࢺࣛࣄࢵࢡࢥࣉࣟࢭࢵࢧ㸪" 㟁Ꮚ᝟ሗ㏻
ಙᏛ఍ᢏ⾡◊✲ሗ࿌(NS2002-53)㸪 June㸪 2002 
30. ᒣᓮᗣᗈ㸪ᮧ℩ຮ㸪㛗㇂ᕝ๛㸪ᮧ⏣ṇᖾ㸪"TCP୰⥅࡟࠾ࡅࡿ㍽㍵ఏ㐩ไᚚ᪉ἲ࡜ᛶ⬟
ホ౯㸪" 㟁Ꮚ᝟ሗ㏻ಙᏛ఍ᢏ⾡◊✲ሗ࿌(IN2003-136)㸪 December㸪 2003㸬 
31. ᒣᓮᗣᗈ㸪ᮧ℩ຮ㸪㛗㇂ᕝ๛㸪ᮧ⏣ṇᖾ㸪"TCP࣮࢜ࣂࣞ࢖ࢿࢵࢺ࣮࣡ࢡ࡟࠾ࡅࡿ㍽㍵
ఏ㐩ไᚚ᪉ᘧࡢᥦ᱌㸪" 㟁Ꮚ᝟ሗ㏻ಙᏛ఍ CQ◊✲఍㸪➨୍ᅇ QoS࣮࣡ࢡࢩࣙࢵࣉ㸪 
February㸪 2004 
32. ᒣᓮᗣᗈ㸪ᮧ℩ຮ㸪㛗㇂ᕝ๛㸪ᮧ⏣ṇᖾ㸪"Congestion Prevention Buffer Management 
in TCP Proxy㸪" 㟁Ꮚ᝟ሗ㏻ಙᏛ఍⥲ྜ኱఍(SB-10-1)㸪 March㸪 2004㸬 
33. ᒣᓮᗣᗈ㸪ୗすⱥஅ㸪ᮧ℩ຮ㸪"㏻ಙ࣎ࢺࣝࢿࢵࢡデ᩿᪉ᘧ㸪" 㟁Ꮚ᝟ሗ㏻ಙᏛ఍ࢯࢧ
࢖࢚ࢸ࢕኱఍(SB-3-2)㸪 September㸪 2004 
34. ᮧ℩ຮ㸪ୗすⱥஅ㸪㛗㇂ᕝὒᖹ㸪ᒣᓮᗣᗈ㸪὾ᓫஅ㸪"ࢭࢵࢩ࣮ࣙࣥ࢜ࣂࣞ࢖ࢿࢵࢺ࣡
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࣮ࢡᵓ⠏᪉ἲ㸪" 㟁Ꮚ᝟ሗ㏻ಙᏛ఍ࢯࢧ࢖࢚ࢸ࢕኱఍(BS-5-7)㸪 September㸪 2004 
35. ᒣᓮᗣᗈ㸪ୗすⱥஅ㸪ᮧ℩ຮ㸪"ࢧࣥࣉࣜࣥࢢィ ࡛ࡢࣃࢣࢵࢺࣟࢫ⋡᥎ᐃᡭἲࡢᥦ᱌㸪
" 㟁Ꮚ᝟ሗ㏻ಙᏛ఍ᢏ⾡◊✲ሗ࿌(TM2004-62)㸪 November㸪 200 
36. ᒣᓮᗣᗈ㸪ୗすⱥஅ㸪ᮧ℩ຮ㸪"ࢧࣥࣉࣜࣥࢢィ ࡛ࡢࣃࢣࢵࢺࣟࢫ⋡᥎ᐃᡭἲࡢᐇ⿦
ホ౯㸪" 㟁Ꮚ᝟ሗ㏻ಙᏛ఍⥲ྜ኱఍(B-14-4)㸪 March㸪 2005㸬  
37. ᒣᓮᗣᗈ㸪ୗすⱥஅ㸪ᮧ℩ຮ㸪"㧗㏿ࢿࢵࢺ࣮࣡ࢡ࡟࠾ࡅࡿ TCPࣃࢣࢵࢺࣟࢫ┘どᢏ⾡㸪
" 㟁Ꮚ᝟ሗ㏻ಙᏛ఍ᢏ⾡ሗ࿌(TM2005-11)㸪 May㸪 2005㸬 [ࢸࣞࢥ࣑ࣗࢽࢣ࣮ࢩࣙࣥ
◊✲఍ ዡບㄽᩥ][ࢸࣞࢥ࣑ࣗࢽࢣ࣮ࢩࣙࣥ◊✲఍ ◊✲㈹ཷ㈹]  
38. ᒣᓮᗣᗈ㸪ୗすⱥஅ㸪ᮧ℩ຮ㸪"TCPࣃࢣࢵࢺࣟࢫ⋡᥎ᐃ᪉ᘧࡢホ౯ 㸫ほ ᫬㛫࡜ィ
 ⢭ᗘࡢ㛵ಀ㸫㸪" 㟁Ꮚ᝟ሗ㏻ಙᏛ఍ࢯࢧ࢖࢚ࢸ࢕኱఍(B-14-2)㸪 September㸪 2005 
39. ᒣᓮᗣᗈ㸪ୗすⱥஅ㸪ᮧ℩ຮ㸪"ࢧࣥࣉࣜࣥࢢࢆ⏝࠸ࡓ UDP/RTPࢫࢺ࣮࣒ࣜࡢ㍍㔞ゎ
ᯒ㸪" 㟁Ꮚ᝟ሗ㏻ಙᏛ఍⥲ྜ኱఍(BS-5-3)㸪 March㸪 2006 
40. ᒣᓮᗣᗈ㸪ୗすⱥஅ㸪ᮧ℩ຮ㸪"ࣃࢣࢵࢺࢧࣥࣉࣜࣥࢢࢆ⏝࠸ࡓ UDP/RTPࢫࢺ࣮࣒ࣜ
ရ㉁ィ ࡢホ౯㸪" 㟁Ꮚ᝟ሗ㏻ಙᏛ఍ᢏ⾡ሗ࿌(TM2005-62)㸪 March㸪 2006 
41. ᒣᓮᗣᗈ㸪ୗすⱥஅ㸪ᮧ℩ຮ㸪"ࢧࣥࣉࣜࣥࢢィ ࡛ࡢ TCPࣃࢣࢵࢺࣟࢫ༊㛫᥎ᐃᢏ⾡㸪
" 㟁Ꮚ᝟ሗ㏻ಙᏛ఍ࢯࢧ࢖࢚ࢸ࢕኱఍(B-14-2)㸪 September㸪 2006㸬[Ꮫ⾡ዡບ㈹ཷ
㈹] 
42. ᒣᓮᗣᗈ㸪ୗすⱥஅ㸪ᮧ℩ຮ㸪"∦᪉ྥࢧࣥࣉࣜࣥࢢࣃࢣࢵࢺ࠿ࡽࡢ཮᪉ྥࣃࢣࢵࢺࣟ
ࢫ⋡᥎ᐃᡭἲ㸪" 㟁Ꮚ᝟ሗ㏻ಙᏛ఍ᢏ⾡ሗ࿌(CQ2006-47)㸪 September㸪 2006㸬 
43. ᒣᓮᗣᗈ㸪ୗすⱥஅ㸪ᮧ℩ຮ㸪"L2ࢫ࢖ࢵࢳ࡬ࡢᣑᙇ sFlowᶵ⬟ࡢヨస㸪" 㟁Ꮚ᝟ሗ㏻
ಙᏛ఍⥲ྜ኱఍(BS-8-7)㸪 March㸪 2007㸬 
44. ᒣᓮᗣᗈ㸪ୗすⱥஅ㸪ᮧ℩ຮ㸪"࢚ࣞࣇ࢓ࣥࢺࣇ࣮ࣟࡢࣜ࢔ࣝࢱ࢖࣒ィ ᡭἲࡢᥦ᱌㸪" 
㟁Ꮚ᝟ሗ㏻ಙᏛ఍⥲ྜ኱఍(B-11-24)㸪 March㸪 2007㸬 
45. ᒣᓮᗣᗈ㸪"ࣁࢵࢩ࣮ࣗ࣋ࢫࢧࣥࣉࣜࣥࢢࢆ⏝࠸ࡓศᩓရ㉁ィ ᡭἲ㸪" 㟁Ꮚ᝟ሗ㏻ಙ
Ꮫ఍⥲ྜ኱఍(B-11-19)㸪 March㸪 2008㸬 
46. ᒣᓮᗣᗈ㸪"ࣁࢵࢩ࣮ࣗ࣋ࢫࢧࣥࣉࣜࣥࢢࢆ⏝࠸ࡓศᩓရ㉁ィ ᡭἲࡢホ౯㸪" 㟁Ꮚ᝟
ሗ㏻ಙᏛ఍ᢏ⾡◊✲ሗ࿌(ICM2008-22)㸪 May㸪 2008㸬 
47. Ἴከ㔝ὒ୍㸪໭ᮧᙉ㸪ᒣᓮᗣᗈ㸪ୗすⱥஅ㸪"ィ ᆅⅬ㛫ရ㉁ࢆ⏝࠸ࡓ⥙ຎ໬⟠ᡤ᥎ᐃ
᪉ᘧࡢᥦ᱌㸪" 㟁Ꮚ᝟ሗ㏻ಙᏛ఍ࢯࢧ࢖࢚ࢸ࢕኱఍(B-11-18)㸪 September㸪 2008 
48. ᒣᓮᗣᗈ㸪ୗすⱥஅ㸪"ࣈ࣮࣒ࣝࣇ࢕ࣝࢱࢆ⏝࠸ࡓ㔜」 ACK᳨ฟ᪉ᘧ㸪"᪥ᮏᏛ⾡᣺⯆
఍ ࢖ࣥࢱ࣮ࢿࢵࢺᢏ⾡➨ 163ጤဨ఍ ITRC meet24㸪 November㸪 2008 
49. ࣆࣛ࢘࢕ࣥ ࣑ࢼࢧ࢖㸪㧗ᓥṇᚨ㸪ᒣᓮᗣᗈ㸪ୗすⱥஅ㸪ྜྷᕝ㝯ኈ㸪ᒾ⏣῟㸪"࢔ࣥࢲ࣮
ࣞ࢖㞀ᐖ᳨▱᪉ᘧ㸪" 㟁Ꮚ᝟ሗ㏻ಙᏛ఍⥲ྜ኱఍(B-6-14)㸪 March㸪 2009 
50. ᒣᓮᗣᗈ㸪ୗすⱥஅ㸪"ࣈ࣮࣒ࣝࣇ࢕ࣝࢱࢆ⏝࠸ࡓNetFlowᆺࣃࢣࢵࢺࣟࢫ᥎ᐃᡭἲࡢ
ᥦ᱌㸪" 㟁Ꮚ᝟ሗ㏻ಙᏛ఍ᢏ⾡◊✲ሗ࿌(CQ2009-01)㸪 April㸪 2009㸬[ࢥ࣑ࣗࢽࢣ࣮
ࢩࣙࣥࢡ࢜ࣜࢸ࢕◊✲఍ ዡບ㈹ཷ㈹] 
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51. Ἴከ㔝ὒ୍㸪໭ᮧᙉ㸪ᒣᓮᗣᗈ㸪ୗすⱥஅ㸪"ィ ᆅⅬ㛫ရ㉁ࢆ⏝࠸ࡓࢿࢵࢺ࣮࣡ࢡရ
㉁ຎ໬⟠ᡤ᥎ᐃ᪉ᘧࡢホ౯㸪" 㟁Ꮚ᝟ሗ㏻ಙᏛ఍ᢏ⾡◊✲ሗ࿌(CQ2009-02)㸪 April㸪 
2009 
52. ࣆࣛ࢘࢕ࣥ ࣑ࢼࢧ࢖㸪㧗ᓥṇᚨ㸪ᒣᓮᗣᗈ㸪ୗすⱥஅ㸪ྜྷᕝ㝯ኈ㸪ᒾ⏣῟㸪"࢔ࣥࢲ࣮
ࣞ࢖㞀ᐖ᳨▱᪉ᘧ㸪" 㟁Ꮚ᝟ሗ㏻ಙᏛ఍ᢏ⾡◊✲ሗ࿌(CQ2009-03)㸪 April㸪 2009 
53. ᒣᓮᗣᗈ㸪Ἴከ㔝ὒ୍㸪ୗすⱥஅ㸪"኱つᶍࢿࢵࢺ࣮࣡ࢡࡢရ㉁ィ ࣭ศᯒᢏ⾡㸪"᪥ᮏ
Ꮫ⾡᣺⯆఍ ࢖ࣥࢱ࣮ࢿࢵࢺᢏ⾡➨ 163ጤဨ఍ ITRC meet26㸪 November㸪 2009㸬  
54. Ἴከ㔝ὒ୍㸪ᒣᓮᗣᗈ㸪ୗすⱥஅ㸪"OpenFlow ࢿࢵࢺ࣮࣡ࢡୖ࡛ࡢࢿࢵࢺ࣮࣡ࢡရ㉁
ຎ໬⟠ᡤ᥎ᐃ࡟࠾ࡅࡿィ ᡭἲࡢຠ⋡໬㸪 "㟁Ꮚ᝟ሗ㏻ಙᏛ఍ᢏ⾡◊✲ሗ࿌
(NS2009-166)㸪 March㸪 2010 
55. ఀ⸨ᬸᙪ㸪ᒣᓮᗣᗈ㸪ୗすⱥஅ㸪"ィ⟬㔞ࢆ๐ῶࡋࡓࣃࢵࢩࣈᆺ࣮ࣝࣉࣃࢣࢵࢺ᳨ฟ᪉
ᘧ࡜ OpenFlow Network࡬ࡢ㐺⏝㸪"㟁Ꮚ᝟ሗ㏻ಙᏛ఍ᢏ⾡◊✲ሗ࿌(NS2009-167)㸪 
March㸪 2010 
56. ᒣᓮᗣᗈ㸪ୗすⱥஅ㸪"኱つᶍရ㉁ィ ࢩࢫࢸ࣒ࡢᐇ⿦ホ౯㸪" 㟁Ꮚ᝟ሗ㏻ಙᏛ఍ᢏ⾡
◊✲ሗ࿌(CQ2010-04)㸪 April㸪 2010㸬 
57. ᒣᓮᗣᗈ㸪ᐑᮏၿ๎㸪ᚋ⸨ⱥ᫛㸪᭮᰿⚽᫛㸪"ࣇ࣮ࣟไᚚᶵᵓࢆ⏝࠸ࡓᰂ㌾࡞࢟ࣕࣥࣃ
ࢫVLANᵓ⠏ᡭἲ㸪"᪥ᮏᏛ⾡᣺⯆఍ ࢖ࣥࢱ࣮ࢿࢵࢺᢏ⾡➨ 163ጤဨ఍ ITRC meet28㸪 
November㸪 2010㸬 
58. ᐑᮏၿ๎㸪ᒣᓮᗣᗈ㸪ᚋ⸨ⱥ᫛㸪᭮᰿⚽᫛㸪"eduroam࡟࠾ࡅࡿㄆド᝟ሗࢆ฼⏝ࡋࡓ➃
ᮎ IP ࢔ࢻࣞࢫࡢ᭱㐺໬㸪"᪥ᮏᏛ⾡᣺⯆఍ ࢖ࣥࢱ࣮ࢿࢵࢺᢏ⾡➨ 163 ጤဨ఍ ITRC 
meet28㸪 November㸪 2010 
59. ᒣᓮᗣᗈ㸪ᐑᮏၿ๎㸪ᚋ⸨ⱥ᫛㸪᭮ ᰿⚽᫛㸪"OpenFlow࡟ࡼࡿᰂ㌾࡞࢟ࣕࣥࣃࢫ VLAN
ᵓ⠏ᡭἲ㸪" ➨ 9ᅇ ᝟ሗࢩࢼࢪ࣮◊✲఍㸪 February㸪 2011㸬 
60. Yasuhiro Yamasaki㸪 Yoshinori Miyamoto㸪 Junichi Yamato㸪 Hideaki Goto㸪 
Hideaki Sone㸪 "Flexible Campus VLAN System Based on OpenFlow㸪" the Asia 
Pacific Advanced Network 31㸪 February㸪 2011㸬 
61. ᒣᓮᗣᗈ㸪ᐑᮏၿ๎㸪ᚋ⸨ⱥ᫛㸪᭮᰿⚽᫛㸪"ࣇ࣮ࣟไᚚᶵᵓࢆ⏝࠸ࡓᰂ㌾࡞࢟ࣕࣥࣃ
ࢫ VLANࢩࢫࢸ࣒㸪" 㟁Ꮚ᝟ሗ㏻ಙᏛ఍⥲ྜ኱఍(BS-10-1)㸪 March㸪 2011㸬 
62. ᐑᮏၿ๎㸪ᒣᓮᗣᗈ㸪ᚋ⸨ⱥ᫛㸪᭮᰿⚽᫛㸪"eduroam࡟࠾ࡅࡿ➃ᮎ㆑ู᝟ሗࢆ฼⏝ࡋ
ࡓ➃ᮎ IP࢔ࢻࣞࢫࡢ᭱㐺໬㸪"㟁Ꮚ᝟ሗ㏻ಙᏛ఍⥲ྜ኱఍(B-16-19)㸪 March㸪 2011 
63. ᒣᓮᗣᗈ㸪ᐑᮏၿ๎㸪኱࿴⣧୍㸪ᚋ⸨ⱥ᫛㸪᭮᰿⚽᫛㸪"OpenFlowࢆ⏝࠸ࡓ Campus 
VLANࡢᐇ⿦࡜ホ౯㸪" ITRC/INI ᝟ሗὶ㏻ᇶ┙ศ⛉఍࣮࣡ࢡࢩࣙࢵࣉ㸪 March㸪 2011㸬 
64. ᒣᓮᗣᗈ㸪኱࿴⣧୍㸪ᐑᮏၿ๎㸪ᚋ⸨ⱥ᫛㸪᭮ ᰿⚽᫛㸪"OpenFlow࡟ࡼࡿ Campus VLAN
ࢩࢫࢸ࣒㸪" 㟁Ꮚ᝟ሗ㏻ಙᏛ఍ᢏ⾡◊✲ሗ࿌(CQ2011-26)㸪 July㸪 2011㸬  
65. ᒣᓮᗣᗈ㸪"㟈⅏Ⓨ⏕᫬ࡢࢿࢵࢺ࣮࣡ࢡ࡜ࢥ࣑ࣗࢽࢣ࣮ࢩࣙࣥࡢᐇែ㸪" 㟁Ꮚ᝟ሗ㏻ಙ
Ꮫ఍ ࢥ࣑ࣗࢽࢣ࣮ࢩࣙࣥࢡ࢜ࣜࢸ࢕◊✲఍ ࢼ࢖ࢺࢭࢵࢩࣙࣥ㸪 July㸪2011㸬 
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66. ᐑᮏၿ๎㸪ᒣᓮᗣᗈ㸪ᒸ㒊⛱ဢ㸪"ECHONET Lite࡟ࡼࡿ⵳㟁ụ⟶⌮ࢩࢫࢸ࣒ࡢヨస㸪
"᪥ᮏᏛ⾡᣺⯆఍ ࢖ࣥࢱ࣮ࢿࢵࢺᢏ⾡➨ 163ጤဨ఍ ITRC meet31㸪 May㸪 2012 
67. ᮌୗᓧ୍㸪Ώ㎶ಇ㈗㸪ᒣᓮᗣᗈ㸪ᚋ⸨ⱥ᫛㸪᭮᰿⚽᫛㸪"⅏ᐖ᫬ࡢ฼⏝ࢆ᝿ᐃࡋࡓࢡࣛ
࢖࢔ࣥࢺド᫂᭩࡟ࡼࡿ↓⥺ LAN࣮ࣟ࢝ࣝㄆド᪉ᘧ㸪"᪥ᮏᏛ⾡᣺⯆఍ ࢖ࣥࢱ࣮ࢿࢵࢺ
ᢏ⾡➨ 163ጤဨ఍ ITRC meet32㸪 November㸪 2012 
68. ᮌୗᓧ୍㸪Ώ㎶ಇ㈗㸪ᒣᓮᗣᗈ㸪ᚋ⸨ⱥ᫛㸪᭮᰿⚽᫛㸪"ࢡࣛ࢖࢔ࣥࢺド᫂᭩࡟ࡼࡿࣟ
࣮࢝ࣝㄆドࢆ⏝࠸ࡓ⪏⅏ᐖ↓⥺ LAN࣮࣑ࣟࣥࢢࢩࢫࢸ࣒ࡢᛶ⬟ホ౯㸪" ➨ 11ᅇ ᝟ሗ
ࢩࢼࢪ࣮◊✲఍㸪 February㸪 2013 
69. ᮌୗᓧ୍㸪Ώ㎶ಇ㈗㸪ᒣᓮᗣᗈ㸪ᚋ⸨ⱥ᫛㸪᭮᰿⚽᫛㸪"ࢡࣛ࢖࢔ࣥࢺド᫂᭩ࢆ฼⏝ࡋ
ࡓ⪏⅏ᐖᛶ࣭⪏㞀ᐖᛶࢆ᭷ࡍࡿ↓⥺ LAN ࣮࣑ࣟࣥࢢࢩࢫࢸ࣒㸪"㟁Ꮚ᝟ሗ㏻ಙᏛ఍⥲
ྜ኱఍(B-16-9)㸪 March㸪 2013 
70. Ώ㎶ಇ㈗㸪ᮌୗᓧ୍㸪ᒣᓮᗣᗈ㸪ᚋ⸨ⱥ᫛㸪᭮᰿⚽᫛㸪"↓⥺➃ᮎ㐣ᐦ⎔ቃ࡟࠾࠸࡚ඃ
ඛᗘไᚚࢆᐇ⌧ࡍࡿ࢔ࢡࢭࢫไᚚࢩࢫࢸ࣒㸪"㟁Ꮚ᝟ሗ㏻ಙᏛ఍⥲ྜ኱఍(B-16-10)㸪 
March㸪 2013 
71. ᑠᆏᛅ⩏㸪ὸ฼┿ᏹ㸪኱ὠᬛ㸪኱す㞞ே㸪ᯇ㔝⃈࿴㸪ᒣᓮᗣᗈ㸪"ᐙᗞ࡟࠾ࡅࡿᶵჾࡢ
ไᚚ࣭ࢿࢵࢺ࣮࣡ࢡ໬࠾ࡼࡧ㐃ᦠᢏ⾡㸪"ᖹᡂ 25 ᖺ㟁ẼᏛ఍඲ᅜ኱఍ࢩ࣏ࣥࢪ࣒࢘㸪 
March㸪 2013 
72. ὸ฼┿ᏹ㸪ᮧ஭㞞ᙪ㸪Ⳣ㑳㑻㸪ᑠᆏᛅ⩏㸪኱す㞞ே㸪ᯇ஭ு஧㸪ᒣᓮᗣᗈ㸪㯮ᕝ୙஧
㞝㸪"ᐙᗞ➼࡟࠾ࡅࡿ࢚ࢿࣝࢠ࣮⟶⌮ࢩࢫࢸ࣒㸦㹆㹃㹋㹑㸧ᢏ⾡ືྥ㸪"ᖹᡂ 25ᖺ㟁Ẽ
Ꮫ఍඲ᅜ኱఍ࢩ࣏ࣥࢪ࣒࢘㸪 March㸪 2013 
73. Ώ㎶ಇ㈗㸪ᮌୗᓧ୍㸪ᒣᓮᗣᗈ㸪ᚋ⸨ⱥ᫛㸪᭮᰿⚽᫛㸪"⅏ᐖ᫬࡟࠾ࡅࡿ 802㸬1Xㄆド
ࢆ࣮࣋ࢫ࡜ࡋࡓࢿࢵࢺ࣮࣡ࢡࣜࢯ࣮ࢫ๭ࡾᙜ࡚ไᚚࢩࢫࢸ࣒㸪"㟁Ꮚ᝟ሗ㏻ಙᏛ఍ᢏ⾡
◊✲ሗ࿌(NV2012)㸪 March㸪 2013 
74. ᒣᓮᗣᗈ㸪᳜⏣ၨᩥ㸪ᑠ಴୍ᓠ㸪ᒣᇉ๎ኵ㸪⸨⏣⠊ே㸪"⅏ᐖ᫬฼⏝ࢆ᝿ᐃࡋࡓ DTN
ศᩓᆺ᝟ሗ㓄ಙࢩࢫࢸ࣒ࡢ㛤Ⓨ࡜ࡑࡢࣇ࢕࣮ࣝࢻᐇドᐇ㦂㸪" 㟁Ꮚ᝟ሗ㏻ಙᏛ఍ᢏ⾡◊
✲ሗ࿌(NS2013-16)㸪 May㸪 2013 
75. ᒣᓮᗣᗈ㸪᳜⏣ၨᩥ㸪ᑠ಴୍ᓠ㸪ᒣᇉ๎ኵ㸪⸨⏣⠊ே㸪"DTN ศᩓᆺ᝟ሗඹ᭷ࢩࢫࢸ
࣒ࡢ㛤Ⓨ࡜ࡑࡢࣇ࢕࣮ࣝࢻᐇドᐇ㦂㸪" ᪥ᮏᏛ⾡᣺⯆఍ ࢖ࣥࢱ࣮ࢿࢵࢺᢏ⾡➨ 163ጤ
ဨ఍ ITRC meet33㸪 May㸪 2013 
76. ᮌୗᓧ୍㸪Ώ㎶ಇ㈗㸪ᒣᓮᗣᗈ㸪ᚋ⸨ⱥ᫛㸪᭮᰿⚽᫛㸪"ࢡࣛ࢖࢔ࣥࢺド᫂᭩ㄆド࡟ᇶ
࡙࠸ࡓDTN㓄ಙไᚚ᪉ᘧ㸪" ᪥ᮏᏛ⾡᣺⯆఍ ࢖ࣥࢱ࣮ࢿࢵࢺᢏ⾡➨163ጤဨ఍ ITRC 
meet33㸪 May㸪 2013 
77. Ώ㎶ಇ㈗㸪ᮌୗᓧ୍㸪ᒣᓮᗣᗈ㸪ᚋ⸨ⱥ᫛㸪᭮᰿⚽᫛㸪"↓⥺➃ᮎ㐣ᐦ⎔ቃ࡟࠾ࡅࡿ
OpenFlow ࢆ⏝࠸ࡓ࢔ࢡࢭࢫ࠾ࡼࡧඃඛᗘไᚚࢩࢫࢸ࣒㸪" ᪥ᮏᏛ⾡᣺⯆఍ ࢖ࣥࢱ࣮
ࢿࢵࢺᢏ⾡➨ 163ጤဨ఍ ITRC meet33㸪 May㸪 2013 
78. ⃝⏣ᏹྐ㸪ᒣᓮᗣᗈ㸪ᮌୗᓧ୍㸪ᚋ⸨ⱥ᫛㸪᭮᰿⚽᫛㸪"⅏ᐖ᫬㑊㞴ᡤ➼࡟࠾ࡅࡿࢿࢵ
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ࢺ࣮࣡ࢡࣜࢯ࣮ࢫไᚚᢏ⾡ࡢ◊✲㛤Ⓨ㸪" ᪥ᮏᏛ⾡᣺⯆఍ ࢖ࣥࢱ࣮ࢿࢵࢺᢏ⾡➨ 163
ጤဨ఍ ITRC meet34㸪 October㸪 2013 
79. ᑠ಴୍ᓠ㸪ᒣᓮᗣᗈ㸪⸨⏣⠊ே㸪"≉ᐃ࢚ࣜ࢔࡛᝟ሗࢆಖᣢࡍࡿࡓࡵࡢ➃ᮎ㛫᝟ሗ㓄ಙ
᪉ἲ㸪" ᪥ᮏᏛ⾡᣺⯆఍ ࢖ࣥࢱ࣮ࢿࢵࢺᢏ⾡➨ 163ጤဨ఍ ITRC meet34㸪 October㸪 
2013 
80. ᑠ಴୍ᓠ㸪ᒣᓮᗣᗈ㸪⸨⏣⠊ே㸪"≉ᐃ࢚ࣜ࢔ෆ࡟࠾ࡅࡿ᝟ሗඹ᭷ࡢ㓄ಙไᚚ᪉ἲ㸪" 㟁
Ꮚ᝟ሗ㏻ಙᏛ఍ᢏ⾡◊✲ሗ࿌(CQ2013-53)㸪 November㸪 2013 
81. ᑠ಴୍ᓠ㸪ᒣᓮᗣᗈ㸪⸨⏣⠊ே㸪"➃ᮎ㛫ࡢ᝟ሗඹ᭷࡟ࡼࡿ✵㛫ࢫࢺ࣮ࣞࢪᐇ⌧ࡢࡓࡵ
ࡢࢩ࣑࣮ࣗࣞࢩࣙࣥホ౯㸪" ➨ 3 ᅇ DTN ࡜ࡑࡢᮍ᮶࡟㛵ࡍࡿ࣮࣡ࢡࢩࣙࢵࣉ㸪 
November㸪 2013 
82. ᒣᓮᗣᗈ㸪ᑠ಴୍ᓠ㸪⸨⏣⠊ே㸪"≉ᐃ࢚ࣜ࢔ෆ᝟ሗඹ᭷ࢩࢫࢸ࣒ࡢࡓࡵࡢ㏻ಙ⎔ቃィ
 ᪉ἲ㸪" 㟁Ꮚ᝟ሗ㏻ಙᏛ఍⥲ྜ኱఍(B-11-8)㸪 March㸪 2014㸬 
83. ⃝⏣ᏹྐ㸪ᒣᓮᗣᗈ㸪ᮌୗᓧ୍㸪ᚋ⸨ⱥ᫛㸪᭮᰿⚽᫛㸪"฼⏝⪅ඃඛᗘࢆ⪃៖ࡋࡓ↓⥺
㐣ᐦ⎔ቃ࡛ࡢྠ᫬࢔ࢡࢭࢫ➃ᮎไᚚࢩࢫࢸ࣒㸪" 㟁Ꮚ᝟ሗ㏻ಙᏛ఍⥲ྜ኱఍(B-16-12)㸪 
March㸪 2014 
84. ᑠ಴୍ᓠ㸪ᒣᓮᗣᗈ㸪⸨⏣⠊ே㸪"➃ᮎ㛫ࢫࢺ࣮ࣞࢪᐇ⌧ࡢࡓࡵࡢࢿࢵࢺ࣮࣡ࢡ᝟ሗィ
 ἲ㸪" ➨ 4ᅇ DTN࡜ࡑࡢᮍ᮶࡟㛵ࡍࡿ࣮࣡ࢡࢩࣙࢵࣉ㸪 May㸪 2014 
85. ᒣᓮᗣᗈ㸪⃝⏣ᏹྐ㸪ᮌୗᓧ୍㸪ᚋ⸨ⱥ᫛㸪᭮᰿⚽᫛㸪"⅏ᐖ᫬㑊㞴ᡤ➼࡟࠾ࡅࡿࢿࢵ
ࢺ࣮࣡ࢡࣜࢯ࣮ࢫไᚚᢏ⾡ࡢᛶ⬟ホ౯㸪" ᪥ᮏᏛ⾡᣺⯆఍ ࢖ࣥࢱ࣮ࢿࢵࢺᢏ⾡➨ 163
ጤဨ఍ ITRC meet35㸪 June㸪 2014㸬 
86. ⴗཎᾴ㸪ᶫᮏభኴ㸪ᑠ಴୍ᓠ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪"ࣇ࣮ࣟࢸ࢕ࣥࢢࢥࣥࢸࣥࢶ᝟ሗ
㓄ಙไᚚࡢᏳᐃᛶゎᯒ㸪" 㟁Ꮚ᝟ሗ㏻ಙᏛ఍ࢯࢧ࢖࢚ࢸ࢕኱఍(B-11-36)㸪 September㸪 
2014 
87. ᯇ㇂೺♸㸪ᶫᮏభኴ㸪ᑠ಴୍ᓠ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪"࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡀ࢚ࣆࢹ
࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺࡢ㎿㏿ᛶ࡟୚࠼ࡿᙳ㡪࡟㛵ࡍࡿ୍⪃ᐹ㸪" 㟁Ꮚ᝟ሗ㏻ಙᏛ఍ࢯ
ࢧ࢖࢚ࢸ࢕኱఍(B-11-35)㸪 September㸪 2014 
88. ᯇ㇂೺♸㸪ᑠ಴୍ᓠ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪"࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺ࡟࠾ࡅࡿ
࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᑟධຠᯝࡢゎᯒ㸪" 㟁Ꮚ᝟ሗ㏻ಙᏛ఍⥲ྜ኱఍(DS-2-5)㸪 March㸪 
2015 
89. ᑠ಴୍ᓠ㸪ᒣᓮᗣᗈ㸪୰ᓥ୍ᙲ㸪"DTN⎔ቃୗ࡟࠾ࡅࡿపไᚚ㈇Ⲵ࡞༠ㄪᆺ᝟ሗඹ᭷᪉
ᘧ㸪" 㟁Ꮚ᝟ሗ㏻ಙᏛ఍⥲ྜ኱఍(B-11-41)㸪 March㸪 2015 
90. ᯇ㇂೺♸㸪ᑠ಴୍ᓠ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪"࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡀ࢚ࣆࢹ࣑ࢵࢡࣈࣟ
࣮ࢻ࢟ࣕࢫࢺࡢᛶ⬟࡟୚࠼ࡿᙳ㡪ࡢゎᯒ㸪 " 㟁Ꮚ᝟ሗ㏻ಙᏛ఍ᢏ⾡◊✲ሗ࿌
(CQ2014-120)㸪 March㸪 2015 
91. ᑠ಴୍ᓠ㸪ᒣᓮᗣᗈ㸪୰ᓥ୍ᙲ㸪"ࢥࣥࢸࣥࢶᡤᣢ⪅ࣜࢫࢺࢆ౑ࡗࡓపไᚚ㈇Ⲵ࡞᝟ሗ
ඹ᭷᪉ᘧ㸪" ➨ 6ᅇ DTN࡜ࡑࡢᮍ᮶࡟㛵ࡍࡿ࣮࣡ࢡࢩࣙࢵࣉ㸪 May㸪 2015 
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92. ᒣᓮᗣᗈ㸪ᑠ಴୍ᓠ㸪ⴗཎᾴ㸪኱ᓮ༤அ㸪"㓄ಙ┠ⓗᆅࡢሙᡤ᝟ሗࢆ⏝࠸ࡓ㑊㞴ᡤ㛫ࡢ
᝟ሗ㓄ಙ᪉ᘧ㸪"㟁Ꮚ᝟ሗ㏻ಙᏛ఍ᢏ⾡◊✲ሗ࿌(CQ2015-20)㸪 July㸪 2015 
93. ⴗཎᾴ㸪ᑠ಴୍ᓠ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪"ࣇ࣮ࣟࢸ࢕ࣥࢢࢥࣥࢸࣥࢶ㓄ಙไᚚࡢᏳᐃ
ᛶゎᯒ㸪" 㟁Ꮚ᝟ሗ㏻ಙᏛ఍ᢏ⾡◊✲ሗ࿌(CQ2015-21)㸪 July㸪 2015 
94. ᯇ஭኱ᶞ㸪ᑠ಴୍ᓠ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪"ᣐⅬ㛫 DTN ࣮ࣝࢸ࢕ࣥࢢ࡟࠾ࡅࡿ࣓ࢵ
ࢭ࣮ࢪ㓄㏦㐜ᘏࡢゎᯒ㸪"㟁Ꮚ᝟ሗ㏻ಙᏛ఍ࢯࢧ࢖࢚ࢸ࢕኱఍(B-11-8)㸪 September㸪 
2015 
95. ᕝ➃ዉὠᏊ㸪ᑠ಴୍ᓠ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪"ᣐⅬ㛫 DTN ࣮ࣝࢸ࢕ࣥࢢ࡟࠾ࡅࡿࣈ
࣮ࣟࢻ࢟ࣕࢫࢺ ACK ࡢ᭷ຠᛶ࡟㛵ࡍࡿ᳨୍ウ㸪"㟁Ꮚ᝟ሗ㏻ಙᏛ఍ࢯࢧ࢖࢚ࢸ࢕኱఍
(B-11-9)㸪 September㸪 2015 
96. Misako Seki㸪 Kazumine Ogura㸪 Yasuhiro Yamasaki㸪 Hiroyuki Ohsaki㸪 "A 
Performance Comparison of Geographic DTN Routing Algorithms㸪"㟁Ꮚ᝟ሗ㏻ಙᏛ
఍ࢯࢧ࢖࢚ࢸ࢕኱఍(BS-6-37)㸪 September㸪 2015 
97. Misako Seki㸪  Kazumine Ogura㸪  Yasuhiro Yamasaki㸪  Hiroyuki Ohsaki㸪 
"Performance Comparison of Geographic DTN Routing Algorithms㸪" ᪥ᮏᏛ⾡᣺⯆
఍ ࢖ࣥࢱ࣮ࢿࢵࢺᢏ⾡➨ 163 ጤဨ఍ ITRC-NWGN2015(Vision21)㸪September㸪 
2015 
98. ᯇ஭኱ᶞ㸪ᑠ಴୍ᓠ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪"ᣐⅬ㛫㹂㹒㹌࣮ࣝࢸ࢕ࣥࢢ࡟࠾ࡅࡿ࣓ࢵ
ࢭ࣮ࢪ㓄㏦㐜ᘏࡢゎᯒ㸪"᪥ᮏᏛ⾡᣺⯆఍  ࢖ࣥࢱ࣮ࢿࢵࢺᢏ⾡➨ 163 ጤဨ఍ 
ITRC-NWGN2015(Vision21)㸪September㸪 2015 
99. ⴗཎᾴ㸪ᑠ಴୍ᓠ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪"ࣇ࣮ࣟࢸ࢕ࣥࢢࢥࣥࢸࣥࢶ㓄ಙไᚚ᪉ᘧࡢ
ᥦ᱌࠾ࡼࡧᏳᐃᛶゎᯒ㸪"᪥ᮏᏛ⾡᣺⯆఍  ࢖ࣥࢱ࣮ࢿࢵࢺᢏ⾡➨ 163 ጤဨ఍ 
ITRC-NWGN2015(Vision21)㸪September㸪 2015 
100. ⴗཎᾴ㸪ᑠ಴୍ᓠ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪"ࣇ࣮ࣟࢸ࢕ࣥࢢࢥࣥࢸࣥࢶ㓄ಙไᚚ᪉ᘧࡢ
ᥦ᱌࡜Ᏻᐃᛶゎᯒ㸪" ᪥ᮏᏛ⾡᣺⯆఍ ࢖ࣥࢱ࣮ࢿࢵࢺᢏ⾡➨163ጤဨ఍ ITRC meet38㸪 
November㸪 2015 
101. ➉୰ᖾᏊ㸪ᑠ಴୍ᓠ㸪ᒣᓮᗣᗈ㸪ᮏྜྷᙪ㸪⏥⸨஧ᮁ㸪"ࣔࣅࣜࢸ࢕ࣃࢱ࣮ࣥࡢ㐪࠸࡟ࡼ
ࡿ Opportunistic ࢿࢵࢺ࣮࣡ࢡ࡛ࡢ༠ㄪᆺ᝟ሗඹ᭷᪉ᘧࡢホ౯㸪"㟁Ꮚ᝟ሗ㏻ಙᏛ఍ᢏ
⾡◊✲ሗ࿌(CQ2015-122)㸪 March㸪 2016 
102. ᒣᓮᗣᗈ㸪ᮏྜྷᙪ㸪"DTN-VPN ࡟ࡼࡿᣐⅬ㛫᝟ሗඹ᭷ࢩࢫࢸ࣒㸪" 㟁Ꮚ᝟ሗ㏻ಙᏛ఍
⥲ྜ኱఍(B-11-20)㸪 March㸪 2016㸬 
103. ⴗཎᾴ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪"ࣇ࣮ࣟࢸ࢕ࣥࢢࢥࣥࢸࣥࢶ㓄ಙไᚚ᪉ᘧ PFCS ࡢᛶ⬟
ホ౯㸪" 㟁Ꮚ᝟ሗ㏻ಙᏛ఍⥲ྜ኱఍(B-11-22)㸪 March㸪 2016 
104. ኱ᓮ༤அ㸪ᒣᓮᗣᗈ㸪" ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡀ࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺࡢᛶ⬟࡟
୚࠼ࡿᙳ㡪㸪" ࢖ࣥࢱ࣮ࢿࢵࢺᢏ⾡➨ 163ጤဨ఍ ITRC meet39㸪May㸪 2016 
105. ᕝ➃ዉὠᏊ㸪ⴗཎᾴ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪͇ ࣈ࣮ࣟࢻ࢟ࣕࢫࢺ ACK ࢆ⏝࠸ࡓ࢚ࣆࢹ
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࣑ࢵࢡ࣮ࣝࢸ࢕ࣥࢢࡢゎᯒᡭἲ࡟㛵ࡍࡿ᳨୍ウ㸪͇ 㟁Ꮚ᝟ሗ㏻ಙᏛ఍ࢯࢧ࢖࢚ࢸ࢕኱఍
(B-16-5)㸪September㸪 2016 
106. Daiki Matsui㸪 Ryo Hagihara㸪 Yasuhiro Yamasaki㸪 Hiroyuki Ohsaki㸪 ͆ Deriving 
the Average Message Delivery Delay in Geographic DTN Routing under Random 
Walk Mobility Model㸪͇  㟁Ꮚ᝟ሗ㏻ಙᏛ఍⥲ྜ኱఍(BS-1-29)㸪 March㸪 2017 
107. Natsuko Kawabata㸪 Ryo Hagihara㸪 Yasuhiro Yamasaki㸪 Hiroyuki Ohsaki㸪 ͇
Analysis of Multiple Concurrent Message Routings with Epidemic Routing and 
Broadcasting ACKs㸪͇  㟁Ꮚ᝟ሗ㏻ಙᏛ఍⥲ྜ኱఍(BS-1-20)㸪 March㸪 2017 
108. ⴗཎᾴ㸪 ᒣᓮᗣᗈ㸪 ኱ᓮ༤அ㸪 ͆఩⨨᝟ሗࢆ฼⏝ࡍࡿ DTN ࣮ࣝࢸ࢕ࣥࢢࡢᖹᆒ࣓
ࢵࢭ࣮ࢪ㓄㏦㐜ᘏ࡟㛵ࡍࡿ᳨୍ウ㸪͇  㟁Ꮚ᝟ሗ㏻ಙᏛ఍⥲ྜ኱఍(BS-5-8)㸪 March㸪 
2017 
109. ᕝ➃ዉὠᏊ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪" ࣈ࣮ࣟࢻ࢟ࣕࢫࢺ ACK ࢆ⏝࠸ࡓ DTN ࣮ࣝࢸ
࢕ࣥࢢࡢࣔࢹࣝ໬㸪" ᪥ᮏᏛ⾡᣺⯆఍ ࢖ࣥࢱ࣮ࢿࢵࢺᢏ⾡➨163ጤဨ఍ ITRC meet41㸪 
May㸪 2017 
110. ᕝୖ┿ᘯ㸪୰ᮧ㑈㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪͇ ௬᝿ࢿࢵࢺ࣮࣡ࢡ࡟ࡼࡿ㌴ෆ࢖࣮ࢧࢿࢵࢺ
⎔ቃࡢ࢚࣑࣮ࣗࣞࢩࣙࣥᡭἲ࡟㛵ࡍࡿ᳨୍ウ㸪͇  㟁Ꮚ᝟ሗ㏻ಙᏛ఍ࢯࢧ࢖࢚ࢸ࢕኱఍
(B-16-4)㸪 September㸪 2017 
111. ᯇ஭኱ᶞ㸪すᕝ⣧⏤㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪͇ ኱つᶍࢿࢵࢺ࣮࣡ࢡୖࡢᣐⅬ㛫 DTN ࣝ
࣮ࢸ࢕ࣥࢢ࡟࠾ࡅࡿ࣓ࢵࢭ࣮ࢪ㓄㏦㐜ᘏ࡟㛵ࡍࡿ᳨୍ウ㸪͇  㟁Ꮚ᝟ሗ㏻ಙᏛ఍ࢯࢧ࢖
࢚ࢸ࢕኱఍(B-16-6)㸪 September㸪 2017 
112. బ⸨♸┿㸪ᕝ➃ዉὠᏊ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪͇ DTN ࡟࠾ࡅࡿᢚไᆺ࢚ࣆࢹ࣑ࢵࢡࣝ
࣮ࢸ࢕ࣥࢢࡢ᭷ຠᛶ࡟㛵ࡍࡿ᳨୍ウ㸪͇ 㟁Ꮚ᝟ሗ㏻ಙᏛ఍ࢯࢧ࢖࢚ࢸ࢕኱఍(B-16-7)㸪 
September㸪 2017 
113. すᕝ⣧⏤㸪ᯇ஭኱ᶞ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪͇ ኱つᶍࢿࢵࢺ࣮࣡ࢡ࡟࠾ࡅࡿᣐⅬ㛫 DTN
࣮ࣝࢸ࢕ࣥࢢࡢ࣓ࢵࢭ࣮ࢪ㓄㏦㐜ᘏ࡟㛵ࡍࡿ᳨୍ウ㸪͇ 㟁Ꮚ᝟ሗ㏻ಙᏛ఍ࢯࢧ࢖࢚ࢸ࢕
኱఍(BS-3-2)㸪 September㸪 2017 
114. ᕝ➃ዉὠᏊ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪͇ DTN ࡟࠾ࡅࡿᢚไᆺ࢚ࣆࢹ࣑ࢵࢡ࣮ࣝࢸ࢕ࣥࢢ
ࡢ≉ᛶゎᯒ࡟㛵ࡍࡿ᳨୍ウ㸪͇  㟁Ꮚ᝟ሗ㏻ಙᏛ఍ࢯࢧ࢖࢚ࢸ࢕኱఍ (BS-3-3)㸪 
September㸪 2017 
115. Daiki Matsui㸪 Yasuhiro Yamasaki㸪 Hiroyuki Ohsaki㸪͇ [Invited Lecture] Analysis 
of Message Delivery Delay in Geographic DTN Routing under Random Walk 
Mobility Mode 㸪͇ 㟁Ꮚ᝟ሗ㏻ಙᏛ఍ᢏ⾡◊✲ሗ࿌(NS2017-94)㸪 October㸪 2017 
116. ᯇ஭኱ᶞ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪͇  ࣛࣥࢲ࣒࢛࣮࢘ࢡࣔࣅࣜࢸ࢕ୗ࡟࠾ࡅࡿᣐⅬ㛫 DTN
࣮ࣝࢸ࢕ࣥࢢࡢゎᯒ㸪͇  ᪥ᮏᏛ⾡᣺⯆఍ ࢖ࣥࢱ࣮ࢿࢵࢺᢏ⾡➨ 163 ጤဨ఍ ITRC 
meet42㸪 November㸪 2017 
117. ᕝ➃ዉὠᏊ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪͇DTN࡟࠾ࡅࡿ఩⨨࣮࣋ࢫ࣮ࣝࢸ࢕ࣥࢢࡢ᭷ຠᛶ㸪͇  
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(IA2017-59)㸪 December㸪 2017 
118. ᕝୖ┿ᘯ㸪୰ᮧ㑈㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪͇ ௬᝿ࢿࢵࢺ࣮࣡ࢡ࡟ࡼࡿ㌴㍕ IP ࢿࢵࢺ࣡
࣮ࢡࡢ࢚࣑࣮ࣗࣞࢩࣙࣥᡭἲ㸪͇  㟁Ꮚ᝟ሗ㏻ಙᏛ఍ᢏ⾡◊✲ሗ࿌ (IA2017-60)㸪 
December㸪 2017 
119. ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪͇ ㌴㍕ TCPྥࡅᐇຠࢹ࣮ࢱ㧗㏿෌㏦᪉ᘧ㸪͇ 㟁Ꮚ᝟ሗ㏻ಙᏛ఍⥲
ྜ኱఍(B-16-3)㸪 March㸪 2018 
120. Natsuko Kawabata㸪  Yasuhiro Yamasaki㸪  Hiroyuki Ohsaki 㸪͇   On the 
Effectiveness of Position-based Routing in Delay/Disruption-Tolerant Networking㸪 
㟁Ꮚ᝟ሗ㏻ಙᏛ఍⥲ྜ኱఍(BS-2-16)㸪 March㸪 2018 
121. బ⸨⿱┿㸪ᕝ➃ዉὠᏊ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪͇ DTN ࡟࠾ࡅࡿᢚไⓗ࢚ࣆࢹ࣑ࢵࢡࣝ
࣮ࢸ࢕ࣥࢢࡢไᚚࣃ࣓࣮ࣛࢱឤᗘ࡟㛵ࡍࡿ୍⪃ᐹ㸪͇  㟁Ꮚ᝟ሗ㏻ಙᏛ఍⥲ྜ኱఍
(BS-6-7)㸪 March㸪 2018 
122. బ⸨⿱┿㸪ᕝ➃ዉὠᏊ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪͇ DTN ࡟࠾ࡅࡿᢚไⓗ࢚ࣆࢹ࣑ࢵࢡࣝ
࣮ࢸ࢕ࣥࢢࡢᥦ᱌㸪͇  㟁Ꮚ᝟ሗ㏻ಙᏛ఍ᢏ⾡◊✲ሗ࿌(IA2017-80)㸪 March㸪 2018 
123. ᕝ➃ዉὠᏊ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪͇  」㞧ࢿࢵࢺ࣮࣡ࢡ࡟࠾ࡅࡿᢚไⓗ࢚ࣆࢹ࣑ࢵࢡ
࣮ࣝࢸ࢕ࣥࢢࡢࣔࢹࣝ໬࡟㛵ࡍࡿ᳨୍ウ㸪͇  㟁Ꮚ᝟ሗ㏻ಙᏛ఍ᢏ⾡◊✲ሗ࿌
(IA2018-25)㸪 September㸪 2018 
124. ༡ཱྀᐂኴ㸪ᕝ➃ዉὠᏊ㸪୰ᮧ㑈㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪͇ ࢚ࣥࢻ࣮࢚ࣥࢻ࣮ࣝࢸ࢕ࣥࢢ
࡜࢚ࣆࢹ࣑ࢵࢡ࣮ࣝࢸ࢕ࣥࢢࡢẚ㍑ศᯒ㸪͇  㟁Ꮚ᝟ሗ㏻ಙᏛ఍ᢏ⾡◊✲ሗ࿌
(IA2018-26)㸪 September㸪 2018 
125. ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪͇ ㌴㍕ TCPྥࡅᐇຠࢹ࣮ࢱ㧗㏿෌㏦᪉ᘧࡢᛶ⬟ホ౯㸪͇ 㟁Ꮚ᝟ሗ
㏻ಙᏛ఍ࢯࢧ࢖࢚ࢸ࢕኱఍(B-16-11)㸪 September㸪 2018 
126. 㜰ཱྀுኴ㸪ᯇ஭኱ᶞ㸪୰ᮧ㑈㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪͇ ࢢࣛࣇୖࡢ⛣ືࣔࢹࣝࡢ㐪࠸ࡀ
ึᅇ฿╔᫬㛫࡟୚࠼ࡿᙳ㡪࡟㛵ࡍࡿ᳨୍ウ㸪͇  㟁Ꮚ᝟ሗ㏻ಙᏛ఍ࢯࢧ࢖࢚ࢸ࢕኱఍
(B-16-12)㸪 September㸪 2018 
127. ᕝ➃ዉὠᏊ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪͇ 」㞧ࢿࢵࢺ࣮࣡ࢡ࡟࠾ࡅࡿᢚไⓗ࢚ࣆࢹ࣑ࢵࢡࣝ
࣮ࢸ࢕ࣥࢢࡢࣔࢹࣝ໬࡟㛵ࡍࡿ᳨୍ウ㸪͇  㟁Ꮚ᝟ሗ㏻ಙᏛ఍ࢯࢧ࢖࢚ࢸ࢕኱఍
(B-16-14)㸪 September㸪 2018 
128. ๓ᕝ㱟୍㑻㸪ᯇ஭኱ᶞ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪͇ PIไᚚჾࢆ⏝࠸ࡓ IEEE1588-2008᫬
้ྠᮇࣉࣟࢺࢥࣝࡢᏳᐃᛶ࡟㛵ࡍࡿ᳨୍ウ㸪͇  㟁Ꮚ᝟ሗ㏻ಙᏛ఍ࢯࢧ࢖࢚ࢸ࢕኱఍
(B-16-15)㸪 September㸪 2018 
129. Natsuko Kawabata㸪  Yasuhiro Yamasaki㸪  Hiroyuki Ohsaki㸪  ͇A study on 
Restrained Epidemic Routing for Delay/Disruption-Tolerant Networking㸪͇  㟁Ꮚ᝟
ሗ㏻ಙᏛ఍ࢯࢧ࢖࢚ࢸ࢕኱఍(BS-7-17)㸪 September㸪 2018 
130. Chuta Minamiguchi㸪 Natsuko Kawabata㸪 Ryo Nakamura㸪 Yasuhiro Yamasaki㸪 
Hiroyuki Ohsaki㸪 ͇A study on Comparative Analysis of End-to-End Routing and 
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Opportunistic Routing㸪͇  㟁Ꮚ᝟ሗ㏻ಙᏛ఍ࢯࢧ࢖࢚ࢸ࢕኱఍(BS-7-19)㸪 September㸪 
2018 
131. Ryuichiro Maegawa㸪 Ryo Nakamura㸪 Yasuhiro Yamasaki㸪 Hiroyuki Ohsaki㸪 ͇
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